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By  F.  H.  Newell. 


IXTRODUCTIOX. 

During  the  year  1898  measurements  of  streams  and  investigations  of 
the  water  resources  of  the  United  States  have  been  carried  on  in  a 
manner  similar  to  that  of  preceding  years,  as  described  in  the  annual 
reports  and  bulletins  of  this  Survey.  These  investigations  were  initiated 
in  the  fall  of  1888,  and  the  results  herewith  given  are  therefore  those  of 
the  tenth  field  season.  For  convenience  of  reference  to  earlier  publica- 
tions the  following  list  is  given : 

1889.  Eleventh  Annual  Report,  Part  II,  Irrigation. 

1890.  Twelfth  Annual  Report,  Part  II,  Irrigation. 

1891.  Thirteenth  Annual  Report,  Part  III,  Irrigation. 

1892.  Fourteenth  Annual  Report,  Part  II,  Accompanying  Papers. 

1893.  Bulletin  No.  131,  Report  of  Progress  of  the  Division  of  Hydrography. 

1894.  Bulletin  No.  131,  Report  of  Progress  of  the  Division  of  Hydrography ;  also  Six- 

teenth Annual  Report,  Part  II. 

1895.  Bulletin  No.  140,  Report  of  Progress  of  the  Division  of  Hydrography  for  the 

Calendar  Year  1895;  also  Seventeenth  Annual  Report,  Part  II. 

1896.  Eighteenth  Annual  Report,  Part  IV,   Hydrography;  also  Water-Supply  and 

Irrigation  Paper  No.  11. 

1897.  Nineteenth  Annual  Report,  Part  IV,  Hydrography;  also  Water-Supply  and 

Irrigation  Papers  Nos,  15  and  16. 

1898.  Twentieth  Annual  Report,  Part  IV  (present  volume) ;  also  Water-Supply  and 

Irrigation  Papers  Nos.  27  and  28. 

For  the  last  three  years — 1896,  1897,  and  1898 — the  discussion  of 
results  of  river  measurements  has  been  given  systematically  in  two 
series  of  publications,  the  material  being  divided  between  them  in 
order  to  insure,  on  the  one  hand,  prompt  publication  of  engineering 
details,  and,  on  the  other,  to  put  the  results  in  graphic  as  well  as  numer- 
ical form.  As  soon  as  possible  after  the  close  of  the  year  the  tables  of 
heights  of  water  for  that  year  and  list  of  discharge  measurements,  with 
related  data,  are  sent  without  illustrations  to  the  printer  as  Water- 
Supply  and  Irrigation  Papers.  For  the  year  1898  these  were  numbered 
27  and  28.  At  the  same  time  computations  are  made  of  the  daily  dis- 
charge of  various  rivers,  and  the  results  are  plotted  to  form  diagrams 
showing  the  fluctuations  throughout  the  year.  The  subject-matter  is 
also  further  illustrated  by  small  maps  and  views.  The  compiling  and 
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assembliug  of  these  data  and  illustrations  require  considerable  time,  so 
that  the  material  has  usually  not  been  comi)leted  before  the  end  of  the 
fiscal  year,  June  30,  thus  allowing  its  incorporation  in  the  antiual  report 
of  that  period.  From  the  details  given  iu  the  Water- Supply  and  Irri- 
gation Papers  are  deduced  the  results  given  in  the  annual  reports.  On 
the  other  hand,  in  order  to  obtain  the  results  herewith  presented,  it  is 
necessary  to  refer  to  the  fundamental  measurements  given  in  the  papers 
just  noted.  Under  each  table  of  river  discharge  printed  in  the  follow- 
ing pages  reference  has  been  made  to  the  original  data  in  Water-Supply 
Paper  No.  27  or  No  28. 

The  results  of  investigations  of  artesian  or  underground  waters,  and 
of  methods  of  utilizing  the  water  resources,  are  also  given  in  the  series 
of  Water- Supply  and  Irrigation  Papers,  of  which  thirty  have  been 
printed.  The  operations  of  the  Division  of  Hydrography,  in  condensed 
form,  are  also  noted  in  the  administrative  statements  of  the  Director  of 
the  Geological  Survey  in  his  annual  report. 

FIELD   OF  OPERATIONS. 

The  oxjerations  of  the  Division  of  Hydrography  may  be  divided  into  a 
number  of  classes,  the  princij)al  of  these  being  the  measuring  of  streams, 
the  survey  of  reservoir  sites,  the  investigation  of  the  geologic  conditions 
governing  underground  water,  and  the  preparation  of  reports.  In  order 
to  show  at  a  glance  the  distribution  of  the  work  the  accompanying  illus- 
trations (PI.  I  and  fig.  1)  have  been  prepared,  showing  the  relative  loca- 
tion of  the  points  where  measurements  of  the  rivers  have  been  made 
during  1898.  PI.  I  is  similar  to,  but  more  condensed  than,  the  map 
accompanying  the  administrative  statement  of  the  Director  in  this  and 
preceding  annual  reports.  The  i^rincipal  drainage  lines  of  the  country 
have  been  outlined,  and  upon  these  are  shown  by  small  dots  the  river 
stations  maintained  by  this  Survey  or  the  localities  from  which  hydro- 
graphic  data  have  been  obtained  through  the  aid  or  cooperation  of 
various  individuals  or  corporations. 

In  addition  to  the  measurements  of  rivers  at  SDCcific  points,  general 
investigations  have  been  made  of  the  water  resources  throughout  con- 
siderable areas.  In  order  to  exhibit  this  in  a  broad  way  the  following 
illustration  (tig.  1)  has  been  inserted.  This  shovs  the  years  for  which 
detailed  information  is  available  concerning  the  surface  or  underground 
water  supply.  The  letters  on  the  small  ma^)  refer  to  the  following 
explanation,  and  the  shading  indicates  the  portion  of  country  under 
consideration.  The  large  area  in  the  western  part  of  the  United  States 
covered  by  the  diagonal  lines  indicates  the  country  of  which  special 
study  was  made  for  the  Eleventh  Census,  the  results  of  which  were  pub- 
lished in  the  monograi)h  entitled  "Agriculture  by  Irrigation."  In  sev- 
eral instances  the  same  year  has  been  covered  by  two  or  more  reports, 
this  being  indicated  by  the  overlapping  of  the  crosshatching.  Where 
this  is  the  case,  usually  one  of  the  reports  was  general  in  character  and 
the  other  more  specific. 
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Fig.  1.— Index  map  of  special  liydrographic  investigations. 
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"Water  Powers  of  Maine,  discussed  by  Dwiglit  Porter  in  Nineteenth  Annual  Eeport,  Part  IV, 

p.  34 
Water  Powers  of  New  England,  discussed  by  Dwight  Porter,  in  preparation. 
"Water  Powers  of  New  Tork,  discussed  by  George  W.  Eafter,  in  "Water-Supply  and  Irrigation 

Papers  Nos.  24  and  25. 
Reconnaissance  of  the  Potomac  Basin,  by  Arthur  P.  Davis  and  others,  Nineteenth  Annual  Eeport, 

Part  IV,  p.  132. 
Underground  "Waters  of  a  Portion  of  Maryland  and  Virginia,  described  by  N.  H.  Darton,  in  the 

Nomini  Geologic  Folio,  No.  23. 
Rock  "Waters  of  Ohio,  by  Edward  Orton,  Nineteenth  Annual  Report,  Part  IV,  p.  633 ;  see  also  The 

Water  Resources  of  Indiana  and  Ohio,  by  Frank  Leverett,  Eighteenth  Annual  Report,  Part 

IV,  p.  419. 
Water  Resources  of  the  Lower  Peninsula  of  Michigan,  by  Alfred  C.  Lane,  Water-Supply  and  Irri- 
gation Paper  No.  30. 
The  Water  Resources  of  Indiana  and  Ohio,  by  Frank  Leverett,  Eighteenth  Annual  Report,  Part 

IV,  p.  419. 
Water  Resources  of  Illinois,  by  Frank  Leverett,  Seventeenth  Annual  Report,  Part  II,  p.  702. 
Preliminary  Report  on  the  Artesian  Waters  of  a  Portion  of  the  Dakotas,  by  N.  H.  Darton,  Seven- 
teenth Annual  Report,  Part  II,  p.  609. 
New  Developments  in  Well  Boring  and  Irrigation  in  South  Dakota,  by  N.  H.  Darton,  Eighteenth 

Annual  Report,  Part  IV,  p.  561. 
Water  Resources  of  Southeastern  Nebraska,  by  N.  H.  Darton,  Water-Supply  and  Irrigation  Paper 

No.  12. 
TTnderground  Water  of  Southwestern  Kansas,  by  Erasmus  Haworth,  Water-Supply  and  Irrigation 

Paper  No.  6. 
Underground  Waters  of  the  Arkansas  Valley  in  Eastern  Colorado,  by  G.  K.  Gilbert,  Seventeenth 

Annual  Report,  Part  II,  p.  557;  also  Pueblo  Geologic  Folio,  No.  36,  by  G.  K.  Gilbert. 
Artesian  Conditions  near  San  Antonio,  Texas,  by  R.  T.  Hill,  Eighteenth  Annual  Report,  Part  II, 

p.  193 ;  see  also  Irrigation  Systems  in  Texas,  by  W.  F.  Hutson,  Water-Supply  and  Irrigation  Paper 

No.  13. 
Irrigation  near  Phoenix,  Arizona,  by  Arthur  P.  Davis,  Water-Supply  and  Irrigation  Paper  No.  2. 
Water  Supply  of  San  Bernardino  Valley,  by  J.  B.  Lippincott,  Nineteenth  Annual  Report,  Part  IV, 

p.  540. 
Water  Supply  for  the  Southern  Utes,  Twentieth  Annual  Report,  Part  IV. 
Surveys  of  Horseshoe  Creek,  by  Clarence  T.Johnson,  Twentictli  Annual  Report,  Part  IV, 
Water-Right  Problems  of  tlio  Bighorn  Mountains,  by  Elwood  Mead,  Wator-Supplj^  and  Irrigation 

Paper  No.  23. 
A  Reconnaissance  In  Southeastern  Washingtcm,  by  Israel  C.  Russell,  Water-Supply  and  Irrigation 

Paper  No.  4;  also  a  Geological  Reconnaissance  in  Central  Washington,  by  Israel  C.  Russell,  Bul- 
letin No.  108. 
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METHODS  OF  INVESTIGATION. 

The  methods  employed  in  river  measurement  have  been  described  in 
considerable  detail  in  the  Nineteenth  Annual  Eeport,  Part  IV,  on  jDages 
18  to  30,  and  a  number  of  illustrations  have  been  given  showing  the 
instruments  and  the  ways  of  handling  them.  One  of  the  matters  which 
was  not  entered  upon  with  any  considerable  degree  of  detail  was  that 


Fig.  2. — Method  of  attaching  stay  line  to  meter  by  use  of  a  pole. 

of  liolding  the  meter  in  swift  waters.  In  ordinary  stages  of  the  river 
the  meter  can  be  forced  beneath  the  surface  and  held  in  place  by  means 
of  lead  weights,  but  when  the  velocity  increases  in  time  of  Hoods  to  over 
7  or  8  feet  i)er  second,  the  weights  are  themselves  swept  downstream 
and  additional  lead  does  not  prove  effective.  At  such  times  it  is  neces- 
sary to  provide  a  stay  line  of  some  character,  attached  immediately 
above  or  below  the  meter  and  running  diagonally  upstream  to  a  point 
of  support.     By  using  this  stay  line  weijxhts  can  be  dispensed  with,  and 
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the  meter  forced  to  the  bottom  and  held  fairly  well  in  position.     The 
use  of  such  a  stay  line  is  illustrated  by  &g.  2. 

In  this  case,  a  long,  light  timber  or  pole  is  placed  against  a  bridge 
beam  or  brace,  and  the  outer  end  is  raised  or  lowered  by  means  of  a  cord 
running  up  over  a  pulley  attached  to  the  bridge.  On  the  upper  or 
outer  end  of  this  pole  is  another  pulley,  over  which  runs  the  stay  line 
from  the  meter.     The  instrument  is  raised  and  lowered  in  the  ordinary 


Fig.  3. — Method  of  using  stay  line  from  small  cable. 

way  by  a  vertical  cord,  and  is  held  from  being  swept  downstream  by 
the  stay  line,  which  passes  out  over  the  end  of  the  pole.  This  device 
may  be  used  in  the  reverse  position,  on  the  lower  side  of  a  bridge,  by 
lowering  the  meter  from  the  end  of  the  pole  and  manipulating  the  stay 
line  directly  from  the  bridge. 

Another  method  of  using  this  stay  line  from  a  bridge  is  shown  in  the 
next  illustration  (fig.  3).  In  this  case  a  small  cable  or  stay  wire  has 
been  stretched  across  the  river  above  the  bridge  and  a  trolley  or  double 
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pulley  (a,  h)  placed  on  this.  The  stay  line  c  runs  from  tlie  bridge  to  this 
small  trolley  {h)  and  back  (c)  to  the  meter  e.  As  the  instrument  is  moved 
along-  the  bridge  the  trolley  on  the  cable  follows  the  movement.  The 
meter  is  raised  or  lowered  by  the  cord  d.  When  the  meter  is  immersed 
in  the  swift  water  it  will  be  swept  downstream  and  the  cords  stretched 
to  the  position  a',  &,  d/,  e'^  but  by  slight  adjustment  the  meter  can  be 
drawn  to  the  desired  spot.  This  device  is  similar  in  some  respects  to 
the  one  described  in  the  Eleventh  Annual  Eeport,  Part  II,  on  pages 
IG  and  17,  the  difference  being  that  in  the  latter  instance  the  hydrog- 
rapher  works  from  shore  and  oi)erates  the  meter  from  a  second  cable. 

ACKNOWLEDGMENTS. 

Most  of  the  results  presented  in  this  volume  have  been  obtained 
through  local  hydrographers,  a  comparatively  small  part  of  the  work 
having  been  conducted  directly  from  the  Survey  oftice  at  Washington. 
Acknowledgment  is  therefore  due  to  each  of  these  persons,  and  thanks 
are  extended  to  individuals  and  corporations  who  have  assisted  the 
local  hydrographers,  or  who  have  cooperated  in  various  ways,  either  by 
furnishing  records  of  height  of  water  or  by  assisting  in  transportation. 
The  following  list,  arranged  alphabetically  by  States,  gives  the  names 
of  the  resident  hydrographers : 

Arizona:  W.  A.  Farish,  civil  engineer,  Pha^nix;  Albert  T.  Colton,  civil  engineer, 
Florence. 

California :  J.  B.  Lippincott,  civil  engineer,  Los  Angeles. 

Colorado:  A.  L.  Fellows,  deputy  State  engineer,  Denver. 

Georgia  and  Alabama:  B.  M.  Hall,  civil  engineer,  Atlanta,  Georgia. 

Idaho :  Frank  S.  Shirley,  civil  engineer,  Boise. 

Kansas:  W.  G.  Russell,  Russell;  E.  C.  Murphy,  State  University,  Lawrence. 

Maryland:  W.  B.  Clark,  State  geologist,  Baltimore. 

Montana  (Eastern) :  S.  M.  Emery,  director  experiment  station,  Bozeman;  and  Roe 
Emery,  Bozeman. 

Montana  (Western):  Fred  D.  Smith,  Missoula. 

Nebraska:  O.  V.  P.  Stout,  State  University,  Lincoln,  assisted  by  AdnaDobson  and 
Glenn  E.  Smith. 

Nevada:  L.  H.  Taylor,  civil  engineer,  Golconda. 

New  Mexico:  P.  E.  Harroun,  civil  engineer,  Albuquerque. 

North  and  South  Carolina:  J.  A.  Holmes,  State  geologist.  Chapel  Hill,  North  Car- 
olina, assisted  by  E.  W.  Myers. 

Texas:  Thomas  U.  Taylor,  State  University,  Austin. 

Utah:  Samuel  Fortier,  civil  engineer,  Corinne. 

Virginia  and  West  Virginia:  D.  C.  Humphreys,  Washington  and  Lee  University, 
Lexington,  Virginia. 

Washington:  Sydney  Arnold,  civil  engineer,  North  Yakima;  William  J.  Ware, 
civil  engineer,  Port  Angeles. 

Wyoming:  Clarence  T.  Johnston,  civil  engineer,  Cheyenne. 

In  a  number  of  instances  in  this  report  results  of  computations  of 
daily  flow  at  milldams,  received  from  local  engineers,  and  figures  of 
river  heights  obtained  from  the  United  States  Weather  Bureau  or 
Corps  of  Engineers,  have  been  used.    -Acknowledgment  is  therefore 
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due  for  these  facts,  and  particularly  to  the  Weather  Bureau  for  the 
figures  of  precipitation  which  are  frequently  quoted.  The  various  local 
hydrographers  have  asked  that  thanks  be  extended  to  the  individuals 
or  organizations  named  in  the  following  paragraphs: 

In  California  assistance  in  transportation  has  been  rendered  by  Mr. 
William  Hood,  chief  engineer  of  the  Southern  Pacific  Company,  and  he 
has  also  secured  the  assistance  of  bridge  watchmen  in  observing  the 
height  of  water  in  the  rivers.  Mr.  Walter  James,  chief  engineer  of 
the  Kern  County  Land  Company,  has  supplied  records  of  Kern  Eiver, 
and  Mr.  A.  K.  Warren,  assistant  engineer,  has  also  furnished  informa- 
tion. Mr.  Burt  Cole,  engineer  of  the  South  Antelope  Valley  Irrigation 
Company,  has  given  records  of  the  flow  of  Littlerock  Creek.  Mr.  H.  F. 
Parkinson,  superintendent  of  canals  taking  water  from  the  San  Gabriel 
River  above  Azusa,  furnished  records  of  that  stream.  Mr.  J.  H. 
Caruthers,  manager  of  the  Anglo-American  Canaigre  Company,  fur- 
nished records  of  Lytle  Creek;  Mr.  W.  B.  Clapp,  city  engineer,  Pasa- 
dena, has  furnished  records  of  the  Arroyo  Seco;  Mr.  F.  H.  Olmstead, 
city  engineer  of  Los  Angeles,  and  Mr.  K.  Sanborn,  engineer  of  the 
Riverside  Water  Company,  have  rendered  valuable  assistance  in  making 
low- water  measurements  during  the  summer  of  1898.  Mr.  W.  G.  Nevin, 
general  manager  Southern  California  Railroad,  has  also  furnished  trans- 
portation over  the  Santa  Fe  lines  in  California. 

In  Colorado  the  State  engineering  department  has  continued  to  coop- 
erate fully,  and  valuable  assistance  has  been  given  by  the  Denver  and 
Rio  Grande,  the  Union  Pacific,  the  Denver  and  Gulf,  the  Rio  Grande 
Southern,  and  the  Colorado  Midland  railroads.  Special  thanks  are  also 
due  to  the  officers  and  employees  of  the  Great  Plains  Water  Storage 
Company,  the  Amity  Land  and  Canal  Company,  the  Buffalo  Canal 
Company — whose  engineers,  Messrs.  Porter  J.  Preston  and  C.  W.  Beach, 
have  made  many  measurements  on  the  Arkansas — and  to  Messrs.  J.  II. 
Hodgson,  S.  W.  Cressy,  J.  M.  Wolaver,  C.  W.  Reece,  and  L.  H.  Dick- 
son, water  commissioners  in  various  parts  of  the  State,  as  well  as 
to  many  others  who  have  furnished  valuable  information. 

For  the  accuracy  and  completeness  of  work  in  Georgia  and  Alabama 
acknowledgments  are  due  not  only  to  Prof.  B.  M.  Hall,  the  resident 
hydrographer,  but  also  to  his  principal  assistant,  Mr.  Max  Hall,  who 
has  entered  into  all  the  details  and  management  of  the  work,  much  of 
the  success  being  the  result  of  his  energy  and  enthusiasm.  Thanks 
are  also  due  to  Prof  W.  S.  Yeates,  State  geologist,  who  has  paid  the 
observers  at  Macon,  Oakdale,  West  Point,  Canton,  Carey,  Molena,  Carl- 
ton, Madison,  Dublin,  and  Blue  Ridge;  also  to  Dr.  Eugene  A.Smith, 
State  geologist  of  Alabama,  who  has  x^aid  observers  at  Riverside  and 
Milstead,  Alabama.  The  officials  of  the  United  States  Weather  Bureau 
have  also  rendered  assistance,  particularly  Messrs.  J.  B.  Marbury,  D. 
Fisher,  F.  P.  Chaffee,  and  L.  M.  Pindell.     This  organization  has  main- 
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tained  stations  at  Chattanooga,  Tennessee;  Albany  and  Rome,  Georgia; 
and  for  part  of  the  year  at  Dublin^  Resaca^  and  Canton^  Georgia.  Mr. 
W.  M.  Towers^  the  observer  at  Rome,  Georgia,  is  paid  by  the  United 
States  Weather  Bureau  for  half  of  the  year  and  keeps  the  record 
the  remainder  of  the  year  without  charge.  Mr.  W.  S.  Weems  maintains 
observations  at  Carters,  Georgia^  without  charge.  The  city  of  Augusta 
maintains  the  station  at  Augusta,  and  Mr.  R.  C.  McCalla,  jr.^  United 
States  assistant  engineer,  keeps  a  record  of  river  height  at  Tuscaloosa, 
Alabama,  and  has  rendered  valuable  assistance  in  many  ways.  Prof.  C. 
S.  Wilkins,  of  the  Alabama  University,  has  made  a  series  of  discharge 
measurements  at  Tuscaloosa.  The  United  States  engineer  corps  at 
Montgomery,  Alabama,  has  furnished  records  of  water  heights  at  Lock 
No.  4,  Lock  No.  5,  and  at  Wetumpka,  on  Coosa  River. 

Transportation  has  been  furnished  to  Prof.  B.  M.  Hall,  through 
the  kindness  of  Mr.  C.  E.  Spalding,  vice-president,  and  Mr.  Joseph 
Mc Williams,  general  manager,  Atlanta,  Knoxville  and  Northern  Rail- 
way; Mr.  George  C.  Smith,  president  and  general  manager  of  the 
Atlanta  and  West  Point  Railroad  and  of  the  Western  Railway  of 
Alabama;  Mr.  E.  St.  John,  vice-president  and  general  manager  of  the 
Seaboard  Air  Line;  Mr.  James  T.  Wright,  general  manager  of  the 
Macon,  Dublin  and  Savannah  Railroad;  Mr.  W.  W.  Finley,  second 
vice-president,  and  Mr.  J.  S.  B.  Thompson,  superintendent,  Southern 
Railway  Company;  Mr.  Thomas  K.  Scott,  general  manager  Georgia 
Railroad;  Maj.  J.  L.  McCollum,  superintendent  Western  and  Atlantic 
Railroad;  Mr.  B.  Dunham,  general  superintendent  Plant  System;  Mr. 
D.  E.  Maxwell,  general  manager  Florida  Central  and  Peninsular  Rail- 
road, and  Mr.  J.  R.  Parrott,  vice  i^resident  Florida  East  Coast  Railway. 

In  Nebraska  a  most  cordial  reception  has  been  accorded  the  work  by 
the  various  agencies  which  are  interested  in  its  advancement.  Con- 
tinued and  substantial  cooperation  has  been  furnished  by  the  agricul- 
tural exi^eriment  station,  the  State  board  of  agriculture,  and  the  State 
board  of  irrigation;  also  by  the  Burlington  and  Missouri  River,  Union 
Pacific,  and  Fremont,  Elkhorn  and  Missouri  Valley  railroad  compa- 
nies. Frequent  courtesies  in  the  way  of  information  and  special  facil- 
ities for  work  have  been  granted  by  the  owners  of  irrigation  canals 
and  water-power  plants. 

In  Texas  the  work  of  Prof.  Thomas  U.  Taylor  has  been  materially 
assisted  by  courtesies  extended  by  the  Missouri,  Kansas  and  Texas 
Railway  Company. 

Thanks  are  due  to  the  Chesapeake  and  Ohio  Railway  and  to  the 
Norfolk  and  Western  Railway  for  annual  passes  over  all  lines  in  Vir- 
ginia and  West  Virginia,  issued  to  Prof.  D.  C.  Humi)hreys. 

Thanks  are  due  to  Mr.  Thomas  Cooper,  western  land  agent  of  the 
Northern  Pacific  Railway,  for  pass  for  the  year  1898  for  the  State  of 
Washington,  issued  to  Mr.  Sydney  Arnold,  to  assist  in  the  work  of 
river  measurement. 
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REISERTOIR    SURVEYS. 

The  surveys  of  reservoirs  made  during  1898  have  been  described  in 
geographic  order  in  connection  with  the  river  measurements.  The  field 
work  has  been  done  by  Mr.  Cyrus  0.  Babb  and  Mr.  Gerard  H.  Matthes, 
as  described  on  later  images  of  this  volume.  The  necessity  of  water 
storage  is  being  more  and  more  appreciated,  and  the  demand  for  this 
work  has  taken  more  definite  form  during  1898  than  in  previous  years. 
For  convenience  of  reference  to  the  subject,  a  compilation  has  been 
made  of  the  results  of  earlier  surveys,  which  has  been  published  as 
Senate  Document  ^o.  16,  Fifty- fifth  Congress,  third  session.  The  fol- 
lowing statements  have  been  taken  from  this  document: 

ORIGIN    OF    SURVEYS. 

The  origin  of  the  reservoir  investigations  carried  on  by  the  Geologi- 
cal Survey  may  be  traced  to  the  early  work  of  Maj.  J.  W.  Powell,  and 
particularly  to  the  report  prepared  by  him  on  the  Lauds  of  the  Arid 
Eegion,  transmitted  April  1,  1878.  On  page  12  of  this  report  he  calls 
attention  to  the  increase  of  irrigable  area  i)ossible  by  flood  storage,  and 
notes  that  there  are  two  methods  of  conserving  the. waste  waters: 
first,  in  the  upper  valleys,  among  the  mountains  and  foothills,  and, 
second,  in  ponds  within  or  adjacent  to  farms  where  irrigation  is  being 
carried  on.  At  that  time  both  of  these  classes  of  reservoir  sites  were 
practically  untouched,  but  since  then  many  of  the  smaller  reservoir 
sites  adjacent  to  cultivated  lands  have  been  put  in  use  in  whole  or 
in  part.  At  the  present  time  the  public  is  concerned  mainly  with 
the  larger  and  more  expensive  storage  propositions  within  the  upper 
catchment  areas  of  the  streams. 

Major  Powell's  early  report,  while  discussing  conditions  throughout 
the  arid  West,  brought  out  details  particularly  concerning  Utah.  He 
showed,  for  example,  that  near  the  sources  of  the  Sevier  River  reser- 
voirs could  be  constructed  in  the  broad  basins  drained  by  narrow 
gorges  cut  through  volcanic  sheets.  He  pointed  out  particularly  Pan- 
guitch  Lake,  in  a  broad  basin  15  miles  southwest  of  the  town  of  the 
same  name.  By  throwing  a  dam  30  feet  high  and  50  or  60  feet  long 
across  the  outlet  a  lake  would  be  formed  with  an  area  of  6  or  7  square 
miles.  Other  reservoirs  could  be  formed  by  dams  across  the  upper 
part  of  East  Fork  Canyon,  also  in  Grass  Yalley,  upon  Fish  Lake 
Plateau,  upon  the  Sevier  Plateau,  and  in  the  valleys  drained  by  Salina 
Creek  and  its  tributaries.  The  Sevier  River  itself  can  be  cheaply 
dammed  at  several  gorges,  notably  at  the  head  of  Marysvale  Canyon. 
Since  the  time  of  the  publication  of  this  report  several  of  these  reser- 
voirs have  been  built,  while  others  now  needed  are  waiting  for  neces- 
sary funds.  It  was  not  until  ten  years  after  the  publication  of  this 
report — namely,  in  1888 — that  Congress  took  definite  action  in  authoriz- 
ing reservoir  surveys. 
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Shortly  after  the  publication  of  Powell's  report  on  the  Lands  of  the 
Arid  Kegion,  the  survey  of  which  he  was  the  head  was  abolished^  with 
other  similar  organizations,  and  in  the  place  of  these  the  existing 
United  States  Geological  Survey  was  created.  This  present  Survey  is 
concerned  with  the  water  resources  of  the  country  primarily  through 
what  is  known  as  the  "  organic  law  "  contained  in  the  act  of  Congress 
of  March  3,  1879  (Stat.  L.,  vol.  20,  p.  394),  To  the  paragraph  creating 
the  office  of  Director  of  the  Geological  Survey  the  proviso  was  attached 
that  this  officer  shall  make  ''  the  classification  of  the  public  lands  and 
examination  of  the  geological  structure,  mineral  resources,  and  prod- 
ucts of  the  national  domain."  The  first  requisite  in  such  classification 
and  examination  has  been  found  to  be  a  topographic  map  for  guidance 
a^nd  for  exhibiting  the  results.  Since  the  organization  of  the  Survey, 
therefore,  a  large  part  of  its  energies  has  been  concentrated  on  the 
preparation  of  such  a  map,  showing  all  elevations  of  land  surface  by, 
means  of  contours,  also  the  location  of  streams,  towns,  roads,  railroads, 
and  canals  for  irrigation  or  transportation,  isolated  houses,  and  bound- 
aries of  States,  counties,  and  towns.  This  map  exhibits  the  drainage 
area  of  streams,  the  relative  elevations  of  catchment  basins  and  irriga- 
ble lands,  the  topographic  features  favorable  to  water  conservation,  the 
Land  Office  lines,  the  slopes  of  valleys,  and  many  other  details  of 
importance  in  the  development  of  water  powers  and  in  the  irrigation  or 
the  reclamation  of  the  arid  lands. 

In  1887  the  Director  of  the  Geological  Survey  was  called  upon  by 
Congress  to  consider  the  question  of  Federal  recognition  of  the  irriga- 
tion subject.  A  resolution  was  passed  (Stat.  L.,  vol.  25,  pp.  618,  619) 
requiring  the  Secretary  of  the  Interior,  by  means  of  the  Director  of 
the  Geological  Survey,  to  make  an  investigation  of  that  portion  of  the 
arid  region  of  the  United  States  where  agriculture  is  carried  on  by 
means  of  irrigation.  This  was  followed  by  the  passage  of  an  act  (Stat. 
L.,  vol.  25,  pp.  526,  527,  960)  containing  an  appropriation  for  the  pur- 
pose of  investigating  the  extent  to  which  the  arid  region  of  the  United 
States  can  be  redeemed  by  irrigation.  A  ]Dortion  of  the  law  of  Octo- 
ber 2, 1888,  was  rex)ealed  by  a  provision  in  the  act  approved  August  30, 
1890  (Stat.  L.,  vol.  26,  p.  391).  Under  this  latter  law  the  Survey  selected 
and  mapped  a  large  number  of  reservoir  sites,  which  have  been  noted 
on  the  records  of  the  (Tcneral  Land  Office  and  are  now  reserved  from 
entry  or  settlement.  Descriptions  of  these  sites  may  be  found  in  the 
Tenth,  Eleventh,  Twelfth,  and  Thirteenth  Annual  Reports  of  this 
Survey. 

It  appears  that  the  portion  of  the  original  law  approved  October  2, 
1888,  which  effected  the  withdrawal  of  the  public  lands  from  entry, 
occupation,  and  settlement  was  repealed,  but  that  the  remaining  por- 
tions of  the  law  were  unaffected  by  the  act  of  repeal,  and  that  there 
is  still  in  the  statutes  authority  for  making  an  examination  of  the 
arid  region  of  the  United  States,  for  ascertaining  the  capacity  of  the 
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streams,  and  ''for  the  selection  of  sites  for  reservoirs  and  other  hydraulic 
works  necessary  for  the  storage  and  utilization  of  water  for  irrigation 
and  the  prevention  of  floods  and  overflows,  and  to  make  the  necessary 
maps."  It  is  specifically  provided  that  the  reservoir  sites  shall  remain 
segregated  for  such  use,  and  in  a  law  entitled  "An  act  to  repeal  timber 
culture  laws,  and  for  other  purposes,"  approved  March  3,  1891,  it  is 
provided  that  reservoir  sites  shall  be  restricted  to  and  shall  contain 
only  so  much  land  as  is  actually  necessary  for  the  construction  and 
maintenance  of  reservoirs,  excluding  so  far  as  practicable  lands  occu- 
pied by  actual  settlers  at  the  date  of  the  location  of  said  reservoirs. 
(Stat.  L.,  vol.  26,  p.  1101.) 

CHARACTER    OF    SURVEYS. 

In  making  surveys  and  estimates  for  storage  reservoirs  the  opera- 
tions fall  naturally  into  two  classes  or  steps:  first,  the  ascertaining  of 
the  natural  conditions,  and,  second,  the  preparation  of  estimates  based 
upon  these  and  upon  the  existing  artificial  limitations.  In  most  of  the 
work  of  this  character  conducted  by  the  Geological  Survey  the  opera- 
tions have  extended  only  to  the  first  class — the  ascertaining  of  the 
physical  facts;  but  in  some  cases  the  investigations  and  estimates  have 
been  further  elaborated  up  to  the  point  of  preparing  detailed  i)lans  and 
estimates  based  upon  certain  assumptions. 

The  natural  conditions  to  be  ascertained  in  the  case  of  storage  reser- 
voirs are  primarily  those  which  fall  within  the  observations  of  the 
topographers  in  the  preparation  of  the  map  of  the  United  States. 
These  are  the  area,  outlines,  slopes,  and  character  of  the  catchment 
basin  tributary  to  the  reservoir,  and  the  capacity  at  various  heights  of 
water.  Closely  joined  with  this  are  the  operations  of  the  hydrogra- 
phers  in  measuring  the  flow  of  the  stream  and  in  ascertaining  the  vol- 
ume which  can  be  depended  upon  for  filling  the  reservoir,  or  the  extreme 
floods  against  which  provisions  must  be  made.  Having  ascertained 
the  facts  as  to  the  probable  water  suj^x^ly,  it  is  then  necessary  to  ascer- 
tain the  conditions  at  the  proposed  dam  site,  such  as  the  character  of 
the  foundation,  the  materials  available,  and  the  length,  height,  and 
other  dimensions  of  the  necessary  structure.  These  facts  have  been 
ascertained  from  time  to  time  concerning  many  scores  of  reservoir 
sites  within  the  arid  region,  the  work  on  a  large  or  small  scale  being 
systematically  carried  forward  year  by  year. 

The  artificial  conditions  to  which  reference  has  been  made,  and 
which  must  be  taken  into  consideration  in  preparing  detailed  esti- 
mates, are  not  susceptible  of  measurement  and  final  estimates,  since 
they  are  changing  from  time  to  time.  These  are  chiefly  land  owner- 
ship and  acquired  rights  to  water,  transportation  facilities,  cost  of 
materials,  and,  more  than  all,  the  capital  available  toward  the  construc- 
tion of  the  proposed  dam.  With  unlimited  funds  at  hand,  the  engineer 
would  ])lan  and  build  a  dam  entirely  different  in  material  and  method 
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of  coustructiou  from  one  wbicli  lie  must  erect  when  called  upon  to  pro- 
duce the  desired  result  with  an  exceedingly  small  amount  of  money. 
In  the  first  case  he  would  look  mainly  to  stability  and  thoroughness  of 
workmanshii);  in  the  second  he  would  adopt  the  cheapest  devices  and 
assume  certain  risks,  under  the  belief  that  from  year  to  year  the  tem- 
porary imperfections  might  be  remedied  until  a  time  when  larger  funds 
might  be  available.  In  the  first  case  he  might,  and  probably  would, 
construct  the  dam  of  solid  masonry;  in  the  second  he  might  make  it 
of  earth  or  loose  rock,  or  even  largely  of  wood,  with  the  intention  of 
renewing  parts  in  five  or  ten  years,  whenever  portions  of  the  material 
showed  signs  of  decay. 

From  what  has  been  said  it  is  evident  that  reservoir  surveys  can  be 
carried  on  widely  to  great  advantage  up  to  the  point  of  making  esti- 
mates of  cost,  and  that  to  go  beyond  this  assumptions  must  be  made 
founded  on  a  knowledge  as  to  whether  the  dams  are  to  be  built  by  indi- 
viduals for  limited  use,  by  associations  or  corporations  for  larger  pur- 
poses, or  by  the  community — the  county.  State,  or  nation — to  supply 
the  largest  possible  quantity  of  water  and  to  have  unlimited  length  of 
life.  Without  some  such  fundamental  assumption  it  is  of  course  impos- 
sible to  make  estimates  for  construction  purposes.  The  Geological 
Survey  has  in  some  instances  attempted  to  overcome  this  difficulty  by 
making  estimates  based  upon  different  types  of  dam,  such  as  earth 
work,  dry  rock  with  wooden  face,  masonry,  etc.  But  the  laborious  esti- 
mates x^repared  upon  various  assumptions  are  largely  wasted  efforts, 
and  will  continue  to  be  until  it  is  apparent  whether  these  reservoirs  will 
be  constructed  by  individuals  or  associations  to  a  small  capacity  or 
by  the  community  to  the  maximum  use  and  stability. 

It  was  early  recognized  that  detailed  estimates  of  the  cost  of  construc- 
tion of  dams  were  to  a  large  extent  useless  until  some  definite  decision 
had  been  reached  as  to  probable  construction  by  the  Government.  The 
preparation  of  these  estimates  was  therefore  discontinued  and  efforts 
were  concentrated  on  ascertaining  the  natural  conditions.  These 
are  of  prime  importance,  and  no  valid  criticism  can  be  brought  against 
the  expending  of  funds  in  ascertaining  where  reservoir  sites  are  located, 
their  size  and  value.  Data  of  this  kind  are  the  foundation  for  any 
broad  classification  of  the  public  domain,  and  for  ascertaining  the  extent 
to  which  the  arid  lands  can  be  redeemed  by  irrigation.  They  are  insep- 
arably connected  with  questions  concerning  fiow  of  streams  and  (|uan- 
tity  of  water  available.  The  acquisition  of  the  facts  does  not  in  any 
way  depend  uj^on  assumptions  as  to  how  the  reservoirs  are  to  be  con- 
structed, and  the  results  are  equally  valuable  whether  the  work  is  ulti- 
mately performed  by  individuals,  by  associations,  or  by  the  State.  They 
enable  each  citizen  to  determine  for  himself  where  reservoir  sites  exist, 
and  in  a  general  way  whether  a  dam  can  be  constructed  to  financial 
advantage. 

The  method  of  survey  has  been  that  developed  by  experience  as  being 
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most  expeditious  and  economical.  The  plaue  table  is  used  almost 
exclusively,  elevations  being  checked  by  precise  leveling.  In  this  way 
results  of  accuracy  are  obtained  in  one-half  or  one-fourth  the  time  con- 
sumed in  the  usual  way  of  transit  location  and  of  jDlottiug  notes.  The 
scale  employed  has  been  dependent  upon  the  size  of  the  reservoir,  the 
attempt  usually  being  made  to  complete  the  map  upon  the  plane  table 
in  ordinary  use.  The  contour  interval  has  usually  been  10  feet,  although 
in  special  cases  a  5-foot  vertical  distance  has  been  used. 

At  the  dam  sites  it  has  usually  been  the  custom  to  prepare  a  map 
still  more  detailed  than  that  of  the  reservoir,  in  order  to  show  minor 
inequalities  of  surface.  The  scale  employed  has  been  governed  by  the 
size  of  the  proposed  site,  and  the  contour  interval  has  ranged  from  1 
to  5  feet,  thus  bringing  out  minor  inequalities  of  surface  and  affording 
means  of  computing  the  cubical  contents  of  the  dam  above  the  original 
surface.  Wherever  practicable,  notes  have  been  made  as  to  the  probable 
amount  of  earth  or  loose  rock  to  be  removed  in  preparing  foundations. 

The  resulting  plane-table  sheets  have  been  carefully  completed  for 
preservation  and  placed  among  the  records  of  the  ofSce  of  the  Geo- 
logical Survey.  Photographs  of  these  are  made  at  once,  and  in  most 
instances  the  drawings  have  been  reproduced  in  generalized  form  in 
the  annual  reports  of  the  Survey. 

EXTENT  OF  SURVEYS. 

The  extent  of  reservoir  surveys  can  best  be  shown  by  reference  to 
the  annual  reports  of  the  Survey,  beginning  with  the  Eleventh,  Part  II. 
In  order  to  assemble  these  data  in  concise  form  the  following  tables 
have  been  prepared,  reference  being  given  to  the  volume  and  page 
where  additional  facts  can  be  found.  A  few  of  the  princii^al  details 
have  been  assembled  in  the  tabl^,  to  afford  a  general  conception  of  the 
character  of  the  reservoirs  examined. 

ARIZONA. 

In  Arizona  the  principal  reservoir  surveys  have  been  those  made  on 
the  Gila  Kiver  and  its  tributaries,  and  described  in  Senate  Document 
No.  27,  Fifty-fourth  Congress,  second  session;  also  in  less  detail  in  the 
Eighteenth  Annual  Eeport,  Part  IV,  on  pages  291  to  297.  Detailed 
estimates  have  been  prepared  for  the  construction  of  two  dams,  under 
the  assumption  that  one  of  these  may  ultimately  be  built  by  the  Gov- 
ernment, mainly  for  the  purpose  of  supplying  water  to  the  Indians. 
Private  parties  have  carried  on  other  surveys  of  reservoirs  on  the  head 
waters  of  the  Salt  and  Verde  rivers,  which  are  described  in  a  general 
way  in  the  Senate  document  above  noted. 

CALIFORNIA. 

In  this  State  most  of  the  reservoir  surveys  have  been  made  within 
the  high  Sierras  in  the  vicinity  of  Lake  Tahoe,  these  being  on  the 
head  Avaters  of  Truckee  Kiver,  flowing  from  California  into  Nevada; 
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also  Oil  the  head  waters  of  Stanishius,  Tuolumne,  and  Merced  rivers, 
flowing  into  San  Joaquin  Valley.  A  general  description  of  these  is  given 
in  the  Eleventh  Annual  Keport,  Part  II,  on  pages  150  to  168.  The 
engineering  details  and  estimates  are  more  fully  discussed  in  the  Thir- 
teenth Annual  Keport,  Part  III,  on  pages  398  to  409.  The  following 
table  gives  in  condensed  form  the  principal  facts  concerning  the  reser- 
voirs examined  or  surveyed  in  this  State.  In  the  second  column  is  given 
the  page  reference  to  the  Annual  Reports,  where  additional  facts  may 
be  found  ;  in  the  next  column  is  given  the  arbitrary  number,  and  in  the 
fourth  column  is  given  the  name  of  the  reservoir  or  stream  to  which  the 
reservoir  is  tributary.  The  drainage  area  above  the  reservoir  site  is 
also  given  and  the  approximate  altitude  of  water  surface.  An  assumed 
height  of  dam  is  also  stated,  and  the  area  of  the  water  surface  in  acres 
which  will  be  formed  by  a  dam  of  this  height;  also  the  total  capacity  of 
the  reservoir  in  acre-feet. 


Surveys  of  reservoir  sites  in  California. 


Annual 
report. 

Page. 

No. 

13 

405 

1 

13 

391 

2 

13 

392 

3 

13 

389 

.4 

12 

10 

5 

12 

12 

6 

13 

400 

7 

13 

400 

8 

13 

400 

9 

13 

400 

10 

13 

400 

11 

13 

400 

12 

13 

400 

13 

12 

13 

14 

12 

14 

15 

12 

16 

16 

12 

17 

17 

12 

17 

18 

12 

19 

19 

12 

20 

20 

12 

21 

21 

12 

23 

22 

12 

24 

23 

1 

12 

25 

24 

12 

26 

25 

12 

27 

26 

12 

28 

27 

12 

30 

28 

Name. 


Clear  Lake  a 

Independence  Lake  b 
Webber  Lake  b 


Donner  Lake  a. 


Yuba  River 

Squaw  Creek 

Little  Yosemite  a 

Lake  Tenaiya  a 

Tuolumne  Meadows  a 

Lake  Eleanor  a 

Kennedy  Meadow  a 

Kennedy  Lake  a 

iScar  Valley  on  Bloods  Creek  a. 

Eed  Lake 

Markleeville  Creek 

East  Carson  Hi ver 

Deer  Creek 

Heenan  Lake 

Silver  Creek 

Wolf  Creek 

East  Carson 

Mokelumne  IMver 

do 

Pacific  Valley  Creek 

Big  Canyon  Creek 

do 

Hull  Creek 

Granite  Creek 


Drainage 
area. 


Sq.  miles. 
413 


6 
1-2 


Small. 
Small. 


Indefinite. 
Small. 


Extensive. 


Small. 


Altitude. 


Feet. 


6,  700- 
6, 100- 


7,  850- 

5,  900- 

6,  000- 

7,  100- 
6,  400- 
6,  500- 

6,  600- 

7,  000- 

6,  800- 

7,  500- 
5,  500- 
5,  000- 
5,  000- 


9 
5 
7 
8, 
4 
6 
8 
6 

-  9 

-  8 
■11 

8 

-  8 
-11 
-11 
-11 
-10 
-10 

-  9 

-  7, 

-  8 

-  6 
5 


997 
769 

095 

300 
000 
980 
990 
339 
561 
911 
009 
182 
500 
500 
000 
000 
000 
000 
000 
000 
000 
000 
500 
500 
000 
000 
000 


Height 
of  dam. 


Feet. 


40 

29 

26 

98 

20 

16 
115 

59.5 

75 

89 

55 

31 

81 

35 
c35 

65 

22 

30 

60 

65 

65 

40 

38 

35 

60 

35 

50 

40 


Area  of 
reser- 
voir. 


a  See  also  Eleventh  Annual  Report,  Part  II,  ])]).  150-168. 

h  See  also  Eleventh  Annual  Report,  Part  II,  p.  174. 

c  Consists  of  tvvu  sites  with  separate  dams  of  same  height. 


Acres. 

46, 080 

984 

778 

1,337 

2,006 

320 

225 

841 

597 

1,081 

1,127 

348 

110 

128 

80 

60 

40 

20 

130 

255 

190 

225 

75 

30 

75 

28t) 

175 

115 

220 


Capacity 
of  reser- 
voir. 


Acre-feet. 

435,  300 

23, 707 

11,152 

22,  205 

42, 827 

2,400 

1,  350 

45, 195 

23, 082 

43, 185 

93,  060 

6,917 

2,018 

4,608 

1,050 

790 

975 

160 

1,460 

5,740 

4,630 

5,480 

1, 120 

430 

980 

6,  300 

2,200 

2,160 

3,300 
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Annual 
report. 

Page. 

No. 

12 

31 

29 

12 

33 

30 

12 

34 

31 

12 

35 

32 

12 

36 

33 

12 

38 

34 

12 

39 

35 

12 

40 

36 

12 

42 

37 

12 

43 

38 

12 

45 

39 

12 

46 

40 

12 

47 

41 

12 

51 

42 

12 

52 

43 

12 

53 

44 

Name. 


Cherry  River 

Lake  Vernon 

Big  Meadow  site  a '. 

Errarars  Meadow  site  & 

Tuolomne  River 

Little  Truckee  River 

do 

Prosser  Creek 

Little  Truckee  River 

Monument  Peak  site  h 

Near  East  Carson  River 

Grass  Lake 

West  Fork  Carson  River 

Near  West  Fork  Carson  River . 

Silver  Fork  American  River. . 

Near  Silver  Fork  American 
River 


Drainage 
area. 


Sq.  railes. 


Small. 
Small. 
Large. 


12 


Small. 


Small. 
Large. 
Small. 
Small. 


Altitude. 

Height 
of  dam. 

Area  of 
reser- 
voir. 

Feet. 

Feet. 

Acres. 

4,500-11,000 

40 

165 

6,500 

30 

480 

7,500 

30 

980 

5,000 

30 

95 

1, 500-12,  000 

100 

680 

6,  500-  9,  000 

60 

450 

5, 800-  9,  000 

50 

120 

6, 200-  9,  000 

30 

310 

4, 500-  9,  000 

50 

350 

7,  700-10,  000 

80 

160 

5,  200-11,  000 

60 

150 

7,  800-  9,  500 

30 

350 

5,  000-12,  000 

150 

2,400 

5,  500-  6,  300 

40 

40 

7,800 

47 

135 

7,900 

30 

420 

Caijacity 
of  reser- 
voir. 


Acre-feet. 

2,500 

5,700 

11.000 

1,  070 

25, 500 

10, 100 

2,250 

3,480 

6,500 

4,800 

3,370 

4,000 

(c) 

GOO 

2,400 

4,700 


aOn.small  creek  iu  Tuolumne  County. 


b  In  Tuolumne  County. 


c  Not  estimated. 


COLORADO, 


Most  of  the  reservoir  surveys  iu  Colorado  have  beeu  confined  to  the 
head  waters  of  Arkansas  River.  A  general  description  is  given  in  the 
Eleventh  Annual  Report,  Part  II,  on  pages  133  to  144,  and  the  engi- 
neering details  are  noted  in  the  Thirteenth  Annual  Report,  Part  III, 
on  pages  357  to  370.  The  relative  location  of  the  reservoirs  and  of  the 
streams  into  which  their  waters  empty  is  shown  on  a  large  folded  map 
accompanying  the  volume.  The  following  list  gives  the  principal  details 
concerning  the  sites  examiued: 

Surveys  of  reservoir  sites  in  Colorado. 


Annual 
report. 

Page. 

No. 

13 

365 

1 

13 

365 

o 

13 

365 

3 

13 

565 

4 

13 

365 

5 

12 

55 

6 

13 

365 

7 

12 

56 

8 

12 

58 

9 

12 

59 

10 

12 

61 

11 

Name. 


Twin  Lakes  b 

East  Fork  Arkansas  River . 


Clear  Creek. 


Hay  den 

Sugar  Loaf 

Sevenmile  Creek 

Tennessee  Fork  Arkansas  River 

Grape  Creek 

Pine  Creek 

Slate  Creek 

West  Oil  or  Ten  mile  Creek. 


Drainage  Altitude.|  Height  ^H^^ 


area. 


(«) 


I 


Sq.  7niles. 

387  I 


Feet. 
9,240 
10,000 


30 


380  I 
30 
25 

20  i 


9,240 
10, 000 
8,400 
9,870 
8,000 
7,900 
8,100 
8,500 


of  dam . 


voir. 


Feet. 

73 

105 

30 

65 

120 

105 

100 

68 

140 

100 

86 

67 


Acres. 
3,475 


Capacity 
of  reser- 
voir. 


160 


2,540 

80 

560 

200 


Acre -feet. 
103,  500 

8,875 

7,000 

45,  000 
8,875 
4,550 

37, 000 

119, 100 

1,520 

8,570 

2,250 


a  Elevations  refer  to  approximate  altitude  of  reservoirs. 
h  See  Eleventh  Annual  Report,  Part  II,  p.  135. 
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Surveys  of  reservoir  sites  in  Colorado — Continued. 


< 


12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
12 
12 
12 
12 
12 
12 
12 
12 
12 
J2 
12 
12 
12 
12 
12 
12 


Page. 

No. 

62 

12 

64 

13 

66 

14 

67 

15 

69 

16 

70 

17 

72 

18 

73 

19 

74 

20 

76 

21 

78 

22 

79 

23 

83 

24 

365 

25 

84 

26 

85 

27 

87 

28 

88 

29 

89 

30 

91 

31 

92 

32 

94 

33 

96 

34 

97 

35 

98 

36 

100 

37 

365 

38 

365 

39 

101 

40 

103 

41 

105 

42 

106 

43 

107 

44 

109 

45 

111 

46 

113 

47 

115 

48 

116 

49 

117 

50 

119 

51 

120 

52 

122 

53 

124 

54 

125 

55 

Name. 


Oil  Creek 

West  Beaver  Creek 

Beaver  Creek 

Oil  Creek 

Wilson  Creek 

Sand  Creek 

Sixmile  Creek 

Eightmile  Creek 

Beaver  Creek 

Turkey  Creek 

...do 

Arkansas  River 

Rush  Creek 

Cottonwood  Lake 

St.  Charles  River 

do 

Graneros  Creek 

Huerfano  River 

Cucharas  River 

Arapahoe  River 

Santa  Clara  River 

Apishapa  River 

Purgatory  River 

In  Stonewall  Valley 

Purgatory  River 

Apishapa  River 

Monument  Creek 

Pring 

Smith  Canyon  Creek 

Rule  Creek 

Cottonwood  Creek 

Two  Butte  Creek 

Supplied  from  Arkansas  River  c 

Supplied  from  Arkansas  River  d 

Supplied  from  Arkansas  River  e 

Tennessee  Fork  Arkansas  River  . . . 

East  Eork  Arkansas  River 

Pine  Creek 

do 

Arkansas  River 

Oak  Grove  Creek 

Rock  Creek 

Tknpas  Creek 

Las  Animas  River. 


Drainage 
area. 


Sq.  miles. 

160 
60 
25 

270 

35 

30 

also 

50 

130 
70 
70 


A  Ititude. 


10 


180 

65 

i>50 

500 
40 
25 
45 

100 

320 
50 
65 

420 


220 

140 

110 

250 

None. 

Small. 

Small. 

20 

30 

20 

25 

600 

30 

30 

75 

2,400 


Feet. 
8,500 


4 
4 
4 
4 
4 
4 
4 

10: 

10 


000 
000 
800 
900 
450 
500 
500 
100 
400 
000 
900 
400 


980 
300 
000 
895 
800 
200 
700 
850 
620 
300 
200 
600 
950 


700 
250 
300 
500 
250 
150 
150 
600 
100 
545 
600 
000 
425 
200 
950 
450 


Height 
of  dam. 


FeeL 

159 

96 

63 

100 

90 

84 

100 

70 


80 

60 

90 

50 

110 

27 

77 

165 

49 

132 

139 

142 

115 

120 

135 

142 

31 

47 

83 

98 

68 

58 

50 

20 

None. 

None. 

50 

45 

60 

70 

120 

84 

70 

88 

108 


Area  of 
reser- 
voir. 


Acres. 

1,400 

1,320 

50 

167 

80 

115 

50 

210 

215- 

520 

90 

1,920 

335 


170 
200 
760 
115 
130 
450 
420 
440 
450 
240 
760 
250 


1,400 

1,560 

1,000 

480 

700 

1,680 

4,160 

420 

250 

130 

90 

420 

80 

300 

840 

2,360 


Capacity 
of  reser- 
voir. 


Acre-feet. 

56,  200 

28,  450 

620 

4,300 

2,  900 

1,950 

3,100 

4,540 

7,100 

9,800 

1,920 

359,  000 

2,100 

8,400 

2,640 

3,340 

27, 200 

1,960 

4,125 

13,  300 

10, 150 

12,  790 

6,200 

11,200 

22, 700 

3,840 

5,630 


34,  230 

32, 780 

25,  680 

5,900 

14, 720 

21,  470 

73, 300 

9,600 

4,100 

2,500 

1,500 

11,  940 

1,310 

6,600 

13, 640 

43, 330 


a  Includes  drainage  of  Eightmile  and  Beaver  creeks. 

b  Includes  drainage  of  Greenhorn  Creek. 

c  Depression  on  the  open  plains,  6  miles  east  of  Rocky  Fork. 

d  Depression  on  the  open  plains,  8  miles  south  of  Kilburn. 

e  Depression  on  the  open  plains,  10  miles  southeast  of  Arlington. 
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IDAHO. 

Ill  this  state  reservoir  surveys  have  been  made  on  the  headwaters 
of  Snake  Eiver,  and  to  a  less  extent  on  streams  flowing  into  this  river 
from  the  north,  in  the  southwestern  part  of  the  State.  A  general 
description  is  given  in  the  Eleventh  Annual  Eeport,  Part  II,  on  pages 
190  to  200,  and  the  engineering  features  are  discussed  in  the  Thirteenth 
Annual  Eeport,  Part  III,  on  pages  422  to  427.  Later  surveys  of  reser- 
voir sites  on  Blackfoot  Eiver  are  given  in  the  Eighteenth  Annual 
Eeport,  Part  IV,  on  pages  330  to  333.  Other  reservoir  surveys  are 
described  in  this  report. 

MONTANA. 

In  Montana  the  most  extensive  surveys  were  made  of  Sun  Eiver,  as 
described  in  the  Eleventh  Annual  Eeport,  Part  II,  on  pages  113  to  133, 
and  also  in  the  Thirteenth  Annual  Eeport,  Part  III,  on  pages  371  to 
386.  The  principal  details  concerning  other  reservoir  sites  are  given 
in  the  following  table,  with  reference  to  the  volume  where  additional 
facts  may  be  had: 

Survey  of  reservoir  sites  in  Montana. 


<1^ 


13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


Page. 


No. 


River. 


374 

1 

375 

2 

376 

3 

377 

4 

378 

5 

379 

6 

380 

7 

381 

8 

382 

9 

382 

10 

127 

11 

128 

12 

129 

13 

131 

14 

132 

15 

133 

16 

133 

17 

134 

18 

137 

19 

139 

20 

140 

21 

141 

22-23 

North  Fork  Siin  River  a. 


Sun  River 

North  Fork  Sun  River 

do 

Willow  Creek 

do 

Near  Willow  Creek  b 

1  mile  north  of  reservoir  No.  7. 

Below  canal  No.  2 

Benton  Lake 

Flat  in  Meagher  County  d 

Near  Martinsdale  e 

Daisy  Dean  Creek 

East  Branch  Daisy  Dean  Creek 

North  Fork  Musselshell  River 

South  Fork  Musselshell  River 
do 

Sixteeumile  Creek 

South  Fork  Smith  RiA^er 

do 

Basin  iji  Meagher  County/. . . 

Basin  on  Mitchell  Creek 


Drainage 
area. 


Sq.  miles. 

1,172 

1,136 

668 

318 

87 

37 

Small. 

Small. 

None. 


Altitude. 


Feet. 


10 


40 
18 
60 
95 


90 
12 

50 


4, 900- 
5, 000- 
4, 800- 
5,  400- 
5, 000- 
5, 100- 
5, 500- 
5,  600- 
5, 300- 


3,610 
5,000 
7,600 
8,000 
8,000 
8,000 
8,500 
8,500 
7,000 
7,000 
7,000 
4,000 


Height 
of  dam. 

Area  of 
reser- 
voir. 

Capacity 

of  reser- 

voir. 

Feet. 

Acres. 

Acre-feet. 

1        '' 
I        57 

\       275 

5,250 

99 

370 

13, 105 

121 

1,100 

51, 400 

113 

581 

20,  315 

84 

1,600 

38, 600 

22 

378 

6,550 

41 

293 

5,590 

23 

140 

2,091 

35 

72 

812 

None,  c 

9,130 

140, 000 

15 

30 

160 

40 

40 

800 

15 

20 

105 

35 

30 

390 

35 

40 

520 

55 

20 
50 

100 

25 

1,055 

19,  781 

25 

'120 

1,125 

30 

110 

1,230 

10 
15 

15 
50 

a  See  also  Eleventh  Annual  Report,  Part  II,  pp.  123-125. 
b  2  miles  west  of  reservoir  No.  5. 

c  To  be  drained  by  a  cut  1^  miles  long  and  35  feet  maximum  depth. 
d  2  miles  above  Martinsdale. 
e  Near  North  Fork  Musselshell  River. 
/3  miles  west  of  Confederate  Gulch. 
20  GEOL,  PT  4 3 
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Survey  of  reservoir  sites  in  Montana — Continued. 


So 
<1M 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 


Page. 


163 
164 


No. 


142 

24 

147 

25 

148 

26 

150 

27 

152 

28 

153 

29 

155 

30 

156 

31 

158 

32 

159 

33 

160 

34 

161 

35 

162 

36 

37 
38 


River. 


Big  Hole  River 

Blacktail  Deer  Creek 

Beaver  Head  River 

Red  Rock  River 

Ruby  River 

Alkali  Basin  a 

Dry  Lake  a 

Boxelder  Creek 

West  Fork  Otter  Creek 

Sage  Creek 

Middle  Fork  Judith  River 

Dry  Basin  in  Fergus  County  6 

Dry     Lake     Basin,     Fergus 
County  c 

Lebo  Lake 

Flat  in  Meagber  County  d 


Drainage 
area. 


Sq.  miles. 


Altitude. 


Feet. 
5,  000-10,  000 
6, 000-10,  000 
5, 400-10,  000 


5, 300-10, 000 


85 


25 
120 


3,  600-  7,  000 
5, 000-  7,  000 

4,  900-  8,  000 
5, 000-  8,  000 

4,900 

4,900 

5,  000-  9,  000 

6,  000-  8,  000 


Height 
of  dam. 


Feet. 

100 
40 

125 
40 
35 
20 
15 
46 
66 
21 
76 


3 

10 
35 


Area  of 
reser- 
voir. 


Acres. 

11,800 

600 

1,400 

1,200 

400 

2,800 

200 

180 

70 

30 

100 

35 

55 


250 


Capacity 
of  reser- 
voir. 


A  cre-feet. 


aChoteau  County. 

c  1^  miles  north  of  Utica. 


&  2\  miles  north  of  Utica. 

d  1^  miles  above  Martinsdale. 


3,000 
1,500 

250 
3,000 

200 

350 


NEVADA. 

The  principal  reservoir  sites  examined  for  the  benefit  of  this  State 
lie  in  California,  on  or  near  the  headwaters  of  the  Truckee,  Carson, 
and  other  streams  flowing  from  California  into  Ii^evada.  These  have 
been  described  under  the  heading  "  California."  The  details  can  be 
found  in  the  Eleventh  Annual  Report,  Part  II,  on  pages  168  to  182, 
and  in  the  Thirteenth  Annual  Report,  Part  III,  on  pages  387  to  31)7. 
Reference  should  also  be  made  to  the  surveys  by  Mr.  L.  H.  Taylor 
noted  on  later  pages  of  this  report. 

Surveys  of  reservoir  sites  in  Nevada. 


12 
12 

13 

13 

Page. 

No. 

River. 

Drainage 
area. 

Altitude. 

Height 
of  dam. 

Area  of 
reservoir. 

Capacity 
of  reser- 
voir. 

209 
210 

394 

395 

1 

2 

17 
18 

Truckee  River 

Acres. 
1,000 
1,000 

Feet. 
4,  200-10,  800 
4, 200-10,  800 

Feet. 

50 

60 

60 

t          100 

163 

Acres. 
400 
395 

1      1, 086 

1,800 

Acre-feet. 
7,500 
7,400 

34,  425 

90,  810 

do 

Loner  Vallev  Creek    

W  est  Carson  River 

7,050 
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NEW    MEXICO. 

A  coDsiderable  number  of  small  reservoir  sites  have  been  examined 
in  this  Territory,  but  comparatively  few  of  these  have  been  surveyed 
in  detail.  The  results  are  given  in  the  Eleventh  Annual  Eeport,  Part 
II,  on  pages  145  to  150,  and  in  the  Twelfth  Annual  Report,  Part  II,  on 
pages  165  to  208. 

Surveys  of  reservoir  sites  in  New  Mexico. 


<1« 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 

12 
12 
12 
12 
12 
13 


Page, 


165 
166 
168 
169 
169 
170 
171 
173 
173 
174 
175 
175 
177 
177 
178 
179 
180 
180 
181 
182 
183 
183 
184 
185 
186 
188 
189 
190 
191 
192 
193 
194 
195 

198 

199 
200 
202 
203 
208 
410 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
36 
37 
38 
39 


River. 


Horse  Lake 

Boulder  Lake 

stinking  Lake 

Vallecitos  Creek 

ISTear  El  Pdto 

Rio  Vallecitos 

Kio  Caliente 

Rio  Hondo 

Rio  Colorado  

Rio  Picuris 

Rio  Picuris  and  Rio  Lusio 

Rio  Grande 

East  Fork  of  Rio  Jemez 

Rio  Jemez 

do 

do 

do 

Rio  Salado 

Rio  Jemez 

Santa  Ee  Creek 

Rio  Medio  and  Rio  Frijole 

Rio  Mora 

do 

Manuelitos and  Las  Tusas  creeks. 

Supplied  from  Rio  Mora 

Rio  Gallinas 

Rio  Pecos 

do 

Rio  Grande 

Rio  San  Jose 

San  Mateo  Creek 

Bluewater  Creek 

do 


Agua  Eria  Creek 


Altitude. 


Feet. 


7,500 

7,500 

7,  000-  8,  000 

7,  000-  8,  000 

7,000 

7,  000-  8,  000 


8,  000 
7,  000-  8,  000 
7,000-  8,000 
6, 000-13,  000 


9, 000-10,  000 
8,  500-11,  000 
8, 500-11,  000 


7, 000-  9,  000 


8,  000- 

6,  000- 

7,  000- 
7,  000- 
6,  700- 

6,  000- 
6, 000- 

7,  000- 
7,  000- 
6,  000- 
6, 000- 
6, 000- 

7, 000- 


12,  000 
10, 000 
10, 000 

11,  000 
10, 000 
10,  000 

7,  000 
12, 000 
11, 000 

12,  000 
8,000 
8,000 
7,000 
9,000 


7, 000-  9,  000 


6,  000-  7,  000 
6,  000-  8,  000 


Rio  Colorado 

Rio  Salado 

Rio  Alamosa '  6,000-  7,000 

1 
Rio  Grande 

do '.. 

do '  3,778 


Height 
of  dam. 

Area 

ofrcvser- 

voir. 

Feet. 

Acres. 

40 

1,120 

100 

2,250 

50 

3,630 

100 

100 

150 

60 

80 

60 

80 

330 

100 

50 

100 

270 

60 

62 

80 

236 

50 

1,500 

4,030 
256 

53| 

57 

212 

58 

575 

70 

1,046 

60 

155 

90 

1,640 

72 

40 

50 

45 

60 

620 

90 

1,770 

100 

1,037 

None. 

800 

100 

170 

75 

370 

82 

250 

31 

4,452 

46 

900 

43i 

380 

19 

490 

744 

1,900 

C        21 

82 

\         24 

83 

1         36 

128 

72 

420 

68 

2,800 

125 

1,185 

80 

5,540 

40 

6,380 

65 

26,  000 

Capacity 
of  reser- 
voir. 


Acre-feet. 
21,  000 


51 

125 

3 

3 

1 

10 

1 

9 

1 

6 

30 

18 

5 

4 

13 

32 

3 

60 
1 

5 

38 

41 

15 

5 

8 

7, 

87 

20 

5 

3 

53 


000 
000 
500 
000 
800 
000 
000 
000 
200 
000 
000 
000 
000 
500 
000 
000 
700 
000 
100 
800 
400 
000 
000 
000 
800 
800 
800 
000 
000 
500 
000 
000 
680 
660 
1,400 
1,100 
63,  000 
59,  000 
175,000 
102, 000 
537, 000 
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UTAH. 

Eeservoir  surveys  in  this  State  have  been  made  on  the  two  great 
fresh -water  lakes,  Bear  and  Utah.  The  results  of  the  survey  of  Utah 
Lake  are  given  in  the  Eleventh  Annual  Report,  Part  II,  on  pages  70  to 
74  and  183  to  184.  The  conditions  are  also  discussed  in  the  Twelfth 
Annual  Report,  Part  TI,  on  pages  334  to  339.  The  survey  of  Bear  Lake 
is  described  in  the  Twelfth  Annual  Report,  Part  II,  on  pages  327  to 
329,  and  in  the  Thirteenth  Annual  Report,  on  page  452.  In  addition  to 
these,  examinations  have  been  made  of  reservoir  sites  mainly  along  the 
Sevier  and  its  tributaries,  as  described  in  the  Thirteenth  Annual 
Rei^ort,  Part  III,  on  pages  451  to  478. 

Surveys  of  reservoir  sites  in  Z7tah. 


r->    f-i 

s  ^ 


<5 


13 
33 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 


Page. 


452 
458 
460 
460 
461 
463 
465 
466 
468 
470 
473 
475 
477 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


River. 


Drainage 
area. 


Bear  Lake 

Silver  Lake 

Twin  Lakes 

Marys  Lake 

Sevier  River 

San  Pete  River 

Sevier  River 

East  Fork  Sevier  River. 

otter  Creek 

East  Fork  Sevier  River. 

do 

Panguitch  Lake 

Blue  Spring  a 


Acres. 
250 
3 


5,000 

500 

2,500 

700 

500 

575 

300 

80 

25 


Altitude. 


Height 
of  dam. 


Feet. 
6, 000-10,  000 
8,600 
9,000 
9,000 
4,600 
5.  100 
5,700 
6,200 
6,200 
7,000 
7,200 
8,100 
8,200 


Feet. 


52 
20 
25 
16 
22 
10 

m 

15 
50 
10 
10 
48 


Area 
of reser- 
voir. 


Acres. 

69, 120 

140 

25 

25 

940 

830 

290 

460 

1,860 

3,050 

770 

1,280 

440 


Capacity 
of  reser- 
voir. 


Acre-feet. 

208, 000 

2,500 

450 

550 

10,  000 

9,000 

1,600 

3,000 

14, 000 

76, 000 

3,500 

10, 700 

13, 000 


a  Two  miles  southwest  of  Panguitch  Lake. 


PRESENT  CONDITIONS. 

From  the  foregoing  statements  and  tables  it  appears  that  a  large 
number  of  reservoir  sites  have  been  discovered,  many  of  these  sur- 
veyed, and  for  some  of  them  definite  estimates  prepared,  based  upon 
certain  assumptions  as  to  the  character  of  dam  needed.  The  bringing 
of  these  to  public  attention  has  resulted  in  much  correspondence  re- 
garding their  use  and  in  discussion,  both  public  and  private,  as  to  the 
opportunities  for  water  conservation.  In  a  few  instances  the  dams 
have  been  constructed  and  the  reservoirs  are  now  supplying  the  needed 
water  to  lands  under  irrigation,  but  in  the  majority  of  cases  no  action 
has  resulted.  This  is  i^articularly  true  with  the  larger  or  more  valu- 
able sites,  the  water  from  which  must  be  distributed  among  a  number 
of  ditches  or  communities.  The  great  cost  involved  and  the  doubts 
as  to  methods  of  equable  distribution  of  the  water  are  such  as  to  cause 
indefinite  delay. 
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One  fact  has  come  prominently  forward  during  the  last  ten  years, 
since  the  inauguration  of  the  reservoir  work,  and  tliat  is  that  water 
storage  on  a  large  scale  can  rarely  be  made  profitable  to  individuals  or 
corporations.  Water  conservation  is  expensive  at  best,  and  existing 
conditions,  laws,  and  customs  are  such  that  the  person  who  builds  a 
dam  on  the  headwaters  of  a  stream  is  rarely  in  a  position  to  be  bene- 
fited financially  by  the  water  which  he  impounds.  The  capitalists  who 
have  put  their  money  into  such  enterprises  have  involuntarily  become 
philanthropists — benefactors  of  their  fellow-men,  but  not  gainers  them- 
selves to  a  notable  degree.  The  community  as  a  whole  is  unquestion- 
ably enriched,  directly  or  indirectly,  to  an  extent  many  times  the  first 
cost  of  the  works,  but  these  benefits  can  not  redound  wholly  to  the 
constructors.  When  the  reservoir  surveys  were  begun  it  was  believed 
by  many  persons  that  the  sites  would  be  eagerly  seized  upon  and  that 
construction  would  immediately  follow;  but  out  of  many  possible  local- 
ities very  few  have  been  found  to  be  so  favorably  situated  as  to  attract 
the  investors  J  nevertheless,  the  discovery  of  these  few  is  undoubtedly 
worth  the  expenditure. 

While  reservoirs  in  general  can  not  be  made  sources  of  profit  to  the 
investors,  there  is  no  gainsaying  the  fact  that  they  are  indispensable 
to  the  community.  They  may  be  classed  with  light-houses  and  other 
works  of  internal  improvement,  which  under  existing  laws  and  cus- 
toms can  not  be  made  sources  of  private  gain,  and  yet  must  be  had  if 
a  full  development  of  the  natural  resources  is  to  be  attained. 

The  one  great  demand  of  the  western  half  of  the  United  States  is 
for  more  water  during  times  of  scarcity.  This  has  been  particularly 
accentuated  by  the  droughts  of  1898,  when  millions  of  dollars  were 
lost  through  lack  of  ordinary  supply.  It  is  highly  probable  that  the 
aggregate  losses  to  the  communities,  if  these  could  have  been  put  in 
the  form  of  works  for  conserving  water,  would  have  repaid  the  cost  of 
all  such  works.  Such  losses  are  so  distributed  and  far-reaching  that 
it  is,  of  course,  impossible  to  segregate  them  or  to  indicate  definitely 
the  individuals  most  deeply  concerned.  They  are,  moreover,  of  such 
character  that  only  the  community  as  a  whole  is  competent  to  guard 
against  them,  individual  or  even  corporate  action  not  being  possible. 
The  State  or  the  nation  must  in  some  way  provide  the  means  by  which 
disasters  of  this  kind  may  in  the  future  be  avoided. 

The  most  remarkable  change  has  taken  place  in  public  opinion  within 
the  last  decade.  Ten  years  ago  it  was  commonly  asserted  that  every 
acre  of  the  arid  land  could  be  reclaimed.  When  it  was  first  shown  that 
the  water  supply,  if  conserved  to  its  utmost,  would  only  suffice  for  the 
utilization  of  a  small  part  of  the  arid  land,  the  facts  would  not  be 
accepted  by  the  people  of  the  West.  Now  there  is  no  longer  talk  of 
irrigating  every  acre  of  the  fertile  lands  of  the  arid  region,  and  com- 
paratively little  interest  is  displayed  as  to  whether  10  or  15  per  cent  of 
these  lands  can  be  reclaimed.     Public  sentiment  is  now  concentrated 
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on  the  question  as  to  bow  the  relatively  small  quantity  of  water  can  be 
conserved  for  the  largest  use,  it  being  apparent  that  by  such  conserva- 
tion a  population  of  millions  can  be  directly  or  indirectly  sustained. 

The  stream  measurements  carried  on  at  various  typical  localities  have 
been  so  diffused  as  to  afford  as  much  data  as  possible  concerning  the 
water  resources  of  the  country.  Tliey  have  shown  that  for  many  locali- 
ties there  has  been  sufficient  water  flowing  at  times  of  floods,  and  infer- 
entially  that  similar  conditions  exist  elsewhere.  There  is  thus  no  ques- 
tion as  to  thefact  that  in  general  a  largequantity  of  water  exists  during 
spring,  and  that  this  can  be  held  in  certain  reservoirs  at  least  until  time 
of  need,  but  the  question  still  unanswered  is,  By  what  means  can  this 
water  conservation  be  brought  about? 

To  sum  up  the  present  conditions  of  reservoir  surveys,  it  may  be 
stated  that  at  scattered  localities  throughout  the  great  arid  region 
numerous  reservoir  sites  have  been  surveyed  and  that  some  of  these 
have  been  constructed  5  others  still  more  important  may  be  built,  but 
probably  this  can  not  be  done  with  direct  financial  profit.  The  great 
body  of  the  public  lands  has  not  yet  been  examined  in  detail,  but  as 
fast  as  means  will  i^ermit,  reservoir  surveys  are  being  conducted  on  a 
small  scale.  These  should  be  extended  whenever  practicable.  The 
United  States  is  still  the  owner  of  one-third  of  its  whole  area,  exclusive 
of  Alaska,  an  area  three  times  as  great  as  the  thirteen  original  States. 
This  one-third  contains  not  only  great  resources  in  minerals  and  grazing, 
but  also  immense  tracts  of  rich  agricultural  land  capable  of  supporting 
a  population  of  many  millions  wherever  sufficient  water  can  be  had. 
The  utilization  of  this  public  land,  or  any  considerable  portion  of  it, 
and  the  development  of  the  resources  of  the  western  half  of  the  country 
are  practically  at  a  standstill  owing  to  the  lack  of  water  conservation. 
The  measurements  of  this  survey  have  shown  that  during  each  year 
great  volumes  of  water  run  to  waste,  much  of  which  could  be  held  by 
storage  in  natural  reservoir  sites  already  surveyed  or  believed  to  exist 
among  the  high  mountains  and  upon  Government  land.  In  order  that 
these  sites  may  be  utilized,  whether  by  the  individual  or  by  the  com- 
munity, it  is  necessary  to  continue  and  extend  accurate  surveys  and  to 
obtain  correct  information  as  to  the  location,  capacity,  and  probable 
cost  of  construction. 

REQUISITES  FOR  SUCCESS. 

In  determining  the  possible  use  or  value  of  various  reservoir  sites 
there  are  many  considerations  which  must  be  borne  in  mind.  Some  of 
these  modify,  if  they  do  not  completely  i^revent,  the  utilization  of  the 
reservoir.  Remarks  have  already  been  made  upon  the  fact  that  finan- 
cial failure  is  not  incompatible  with  the  success  of  a  reservoir  in  other 
ways;  that  is  to  say,  a  reservoir  may  be  of  very  great  benefit,  return- 
ing to  the  community  many  times  its  first  cost,  and  yet  not  pay  its 
owners.     Without  dwelling  ui^on  this  detail  it  is  necessary  to  consider 
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some  of  the  conditions  which  must  be  fultilled  in  order  to  result  in  the 
reclamation  of  arid  lands. 

In  almost  every  locality  a  number  of  places  are  pointed  out  as  being 
suitable  for  water  conservation.  Hundreds  of  these  have  been  exam- 
ined and  comparatively  few  found  worthy  of  survey.  As  a  rule,  inspec- 
tion shows  that  the  capacity  of  the  basin  is  too  small  for  the  height  of 
the  proposed  dam,  or,  in  other  words,  that  the  slope  of  the  bottom  of 
the  reservoir  is  too  great.  This  is  the  most  common  source  of  error, 
as  very  few  people  properly  note  the  rapid  slope  of  upland  valleys. 
To  hold  water  in  some  of  these  would  require  a  dam  so  high  as  to  be 
entirely  out  of  the  question.  The  relation  of  depth  and  capacity  of 
several  of  the  best-known  reservoirs  of  the  country  is  shown  graphic- 
ally in  figs.  4,  5,  and  6.  The  data  upon  which  these  diagrams  have  been 
based  have  been  obtained  largely  from  the  paper  by  Mr.  James  D. 
Schuyler  upon  Reservoirs  for  Irrigation,  printed  in  the  Fourteenth 
Annual  Report,  Part  lY.  Additional  facts  have  also  been  had  from 
the  report  by  Colonel  Chittenden,  mentioned  below.  In  each  of  these 
diagrams  the  vertical  distance  represents  the  depth  in  feet  and  the  hori- 
zontal distance  the  capacity  in  acre-feet.  In  figs.  4  and  5  the  same 
values  have  been  given  for  the  horizontal  spaces,  but  in  fig.  6  these  are 
greatl}^  increased.  For  convenience  of  comparison  of  these  two  scales 
the  curve  representative  of  the  proposed  reservoir  at  Warner's  ranch, 
in  southern  California,  has  been  plotted  both  on  fig.  4  and  on  fig.  6. 

Favorable  conditions  for  the  erection  of  a  dam  are  also  necessary. 
It  occasionally  happens  that  in  order  to  inclose  a  basin  of  sufficient 
capacity  the  length  of  dam  will  be  so  enormous  as  to  be  impracticable  j 
in  other  cases  the  foundations  must  be  placed  in  unconsolidated  or 
fractured  material,  necessitating  excavations  of  great  depth.  Some  of 
the  gorges  draining  valleys  have  been  at  a  previous  time  excavated 
below  their  present  surface,  and  the  filling  of  sand  and  gravel  extends 
to  extraordinary  depths. 

Where  the  combination  of  ample  capacity  and  a  good  locality  for  a 
dam  exists,  it  may  happen  that  there  is  not  sufficient  tributary  water- 
shed to  furnish  supply  enough  to  fill  the  reservoir  each  year.  Many 
of  the  best  open  valleys  or  marshes  exist  so  near  the  summits  of  the 
mountains  that  there  is  not  a  sufficient  catchment  area.  In  such  cases 
it  is  sometimes  possible  to  divert  water  from  one  or  more  upper  drain- 
age basins,  and,  by  flumes  and  tunnels,  to  concentrate  this  into  the 
desired  reservoir  site. 

On  the  other  hand,  the  reservoir  may  be  so  situated  as  to  have  a 
catchment  area  too  great  for  safety.  This  is  particularly  the  case  where 
a  dam  is  located  upon  a  main  drainage  line  receiving  storm  waters  from 
many  square  miles.  A  cloudburst  or  general  storm  may  send  down  a 
flood  of  such  dimensions  as  to  fill  the  reservoir  and  overtop  the  dam, 
washing  it  away,  if  of  earth,  as  was  the  case  at  the  time  of  the  Johns- 
town flood.     To  meet  such  emergencies  there  must  be  opportunity  for 
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Fig.  4. — Comparison  of  depth  and  capacity  of  various  reservoirs. 
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Fig.  5. — Comparison  of  depth  and  capacity  of  various  reservoirs. 
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the  construction  of  enormous  wasteways  around  the  dam,  or  if  these 
can  not  be  built  the  dam  itself  must  be  made  of  such  substantial 
masonry  that  water  can  pour  over  its  top,  as  has  been  the  case  with 
the  Sweetwater  dam  of  southern  California. 

Although  the  dam  and  the  wasteways  may  be  of  such  character  as 
to  withstand  the  onset  of  any  flood,  yet  there  is  still  another  danger  to 
be  guarded  against — the  bringing  down  of  vast  quantities  of  sand, 
gravel,  and  clay,  which  are  dropped  in  the  comparatively  still  water 
behind  the  dam,  thus  gradually  filling  the  reservoir  and  destroying  its 
usefulness.  There  is  no  economical  method  of  cleaning  out  a  reservoir 
of  large  size,  and  when  once  filled  it  must  probably  be  abandoned  or 
the  dam  raised  to  a  still  greater  height. 

As  a  safeguard  against  floods  and  against  silting  up  the  reservoir, 
attempts  are  made  wherever  practicable  to  find  sites  nifoii  smaller 
tributaries  and  to  conduct  water  to  these  from  the  main  stream  by 
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l"'iG.  6. — Comparison  of  depth  and  capacity  of  large  reservoirs. 

means  of  large  diversion  canals.  In  this  way  the  flood  waters  can  be 
received  with  safety,  as  their  quantity  is  restricted  by  the  capacity  of 
the  canal  and  the  silt  is  in  large  part  dropped  on  the  way  and  disposed 
of  by  means  of  various  well-known  engineering  devices. 

From  a  consideration  of  these  and  other  qualifications  it  is  apparent 
that  out  of  the  large  number  of  reservoirs  examined  very  few  can  be 
expected  to  possess  the  elements  of  success.  Thus  it  is  necessary  to  go 
over  the  country  with  considerable  thoroughness  and  to  consider  many 
questions  before  it  is  possible  to  point  out  the  localities  where  the 
largest  results  can  be  obtained  with  a  reasonable  expenditure.  It  is 
this  fact  that  good  reservoir  sites  are  scarce  that  renders  it  imperative 
to  push  forward  the  reconnaissance  map  of  the  West,  and  to  follow  this 
by  detailed  examinations  by  which  it  is  possible  to  point  out  the  local- 
ities where  construction  work  may  be  attempted  with  reasonable 
assurance  of  success. 
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CAPACITY  AND  COST  OF  RESERVOIRS. 

In  previous  pages  referenc^e  lias  been  made  to  estimates  of  the  cost 
of  reservoir  construction.  For  convenience  of  comparison  it  is  impor- 
tant to  have  in  mind  not  only  the  total  expenditure  but  also  the  cost 
per  unit  of  capacity.  The  most  convenient  unit  for  this  purpose  is  the 
acre-foot,  or  43,560  cubic  feet,  as  this  gives  immediately  the  useful 
efficiency  of  a  reservoir  with  respect  to  its  ability  to  supply  water  for 
irrigation  purposes.  It  is  often  assumed  that  1  acre-foot  of  stored 
water  will  irrigate  an  acre  of  ground.  Tables  of  cost  have  been  pre- 
pared by  various  persons,  particularly  by  Mr.  H.  M.  Wilson'  and  by 
Col.  Hiram  M.  Chittenden.^  The  data  obtained  by  the  latter  are  com- 
bined in  the  following  table.  From  this  it  is  apparent  that  the  cost  per 
acre-foot  varies  widely,  from  the  expensive  masonry  construction  of 
foreign  countries  and  of  southern  California  to  the  cheaper  projects, 
such  as  those  at  the  head  of  the  Mississippi  River.  In  the  case  of  the 
latter,  water  storage  has  been  x^rovided  by  closing  or  raising  the  outlet 
of  existing  lakes  or  marshes. 

Cost  of  reservoir  construction  per  acre-foot:^ 


Xame. 


AMERICAN. 

Escondido,  California 

Cnyamaca,  California 

Pecos  River,  Texas : 

Lower  reservoir 

Upper  reservoir,  or  Lake 

McMillan 

Tyler,  Texns 

Sweetwater,  California 

Bear  Valley,  California 

Cache  la  Poudre,  Colorado 

Larimer  and  Weld,  Colorado  . . 


Kind  of  dam. 


Rockfill 
Earth  . . 


do 


Capacity  in 
acre-feet. 


Upper  Mississippi  reservoirs  . 


do 

Hydraulic 

Masonry 

do 

Dike 

do 

Timber    and 
earth. 
...  do 


FOREIGN. 


Couzon,  France 

Goufifre  d'Enfer,  France 


Masonry 
do  .. 


3,500 
11,  410 

6,300 

89,  000 

24,  000 

22,  566 

40,  000 

5,654 

7,461 

2,146,463 

a  920,  000 

1,297 
1,297 


Cost. 


$110,  059 
56,  400 

176,  000 

200,  000 

1,140 

264,  074 

75,  000 
125,  000 

90,  000 
678, 842 

678,  842 

247,  600 
318,  000 


Cost  per 
acre-foot. 


$31.  44 
4.94 

27.93 

2.25 

.05 

11.70 

1.87 

22.00 

12.00 

.32 

.74 

190.  00 
245.  00 


'  Manual  of  Irrigation  Engineering,  by  Herbert  M.  Wilson,  second  edition,  1897,  p.  377. 
2 Preliminary  examination  of  reservoir  sites  in  Wyoming  and  Colorado,  by  Col.  Hiram  M.  Chitten- 
den, Fifty-fifth  Congress,  second  session.  House  of  Itepresentatives,  Doc.  No.  141, 1898,  p.  28. 

a  Capacity  of  the  Upper  Mississippi  reservoirs  on  a  basis  of  the  estimated  average  annual  storage. 
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Cost  of  reservoir  construction  per  acre-foot — Continued. 


Name. 


FOREIGN — continued. 

Ternay,  France 

Ban,  France 

Pas  du  Riot,  France 

Chartrain,  France  

Lake  Oredon,  France... 

Mouche,  France 

Liez,  France 

Wassy,  France 

Patas,  India 

Ekruk,  India 


Sixteen  reservoirs  in  Bombay. 


PROPOSED. 

Manache  Meadow8,California. 

Lake,  California 

Big  Meadows,  California 

Riverside  County,  California  . 

Upper  Narrows  Mojave  River, 
California. 

Alpine,  California 


Rio  Verde  system,  Arizona. .. 

Buttes,  Arizona 

Queen  Creek,  Arizona 


Little  Colorado  River  system, 
Arizona. 


Rock  Creek,  Nevada . . . 

Antero,  Colorado 

Great  Miami,  Ohio 

Big  Cuyahoga,  Ohio... 

Big  Scioto,  Ohio 

Laramie,  Wyoming. . . . 
Do 

Sweetwater,  Wyoming- 
Do 

South  Platte,  Colorado 
Do 


Xiud  of  dam. 


Masonry 

do 

do 

do 

Earth 

do 

do 

do 

do 

Earth  and  ma- 
sonry. 


Rockfill  - 

do  .. 

do  .. 

Masonry 
do  .. 


Natural  basin 
and    dike. 

Rockfill 

Masonry 

Rockfill 


Earth  and  rock- 
fill. 

Rockfill 

Earth 


Capacity  in 
acre-feet. 


Cost. 


2 
1 
1 

3 
5 

7, 

13 

1 

76 
235 


248 
46 
31 
61 

390 


1,618 

207 

59 

353 

80 

50 

68 

66 

114 

414 

&46 

326 

1)  100 

67 

&41 


433 
499 
054 
243 
894 
Oil 
051 
740 
325 
175 

812 


850 
600 
150 
500 
000 

500 

093 
795 
665 
500 

000 
640 
870 
587 
784 
000 
000 
965 
000 
211 
320 


$204,  372 
190,  000 
256,  000 
420,  000 
142,  000 

1,  003,  657 
598,418 
138,  942 

15,  925 
359,  000 

2,  593,  932 


150,  000 

225, 000 

80,  000 

400,  000 

1,  742,  000 

100,  000 

4,  000,  000 

2,  244,  000 
221,  000 
357,  000 

80,  000 
140,  000 
690,  000 
600,  000 
1,  500,  000 
1,  416,  254 
416,  254 
276,  484 
276,  484 
540,  000 
540,  000 


Cost  per 
acre-foot. 


$84. 00 

127.  00 

243.  00 

129. 00 

24.00 

143.  00 

46.00 

80.00 

49.00 

4.70 

a  11. 00 


.61 
4.83 
2.57 
6.50 
4.50 

18.00 

2.47 

ILOO 

3.70 

1.00 

1.00 
2.76 

10.00 
9.00 

13.00 
3.42 
9.05 
.85 
2.76 
8.04 

13.07 


a  Average. 

b  Revised  estimate  of  capacity  based  upon   annual  supply  immediately  in  sight,  witli   allowance  for 
evaporation. 
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UNDERGROUND  WATERS. 

Investigations  of  the  conditions  covering  the  distribution  and  avail- 
abilitv  of  underground  waters  have  been  carried  on  in  various  locali- 
ties  during  1898.  The  most  important  work  of  this  class  has  been  that 
done  by  Mr.  K.H.  Darton  in  the  area  immediately  east  of  the  Black  Hills, 
in  South  Dakota,  extending  into  the  Bad  Lands.  Mr.  Darton  has 
made  an  extended  reconnaissance  of  the  adjacent  area  and  a  special 
study  of  the  Hermosa  quadrangle,  with  the  intention  of  preparing  a 
geological  folio  similar  in  many  respects  to  the  Pueblo  folio,  x>rei)ared 
by  Mr.  G.  K.  Gilbert. 

In  eastern  South  Dakota  Prof.  J.  E.  Todd,  State  geologist,  has  been 
mapping  the  artesian  waters,  this  work  being  carried  on  in  cooperation 
with  Mr.  Darton.  Upon  the  Parker  and  Olivet  topographic  atlas 
sheets  Professor  Todd  has  not  only  shown  the  surface  geology  by  colors, 
but  has  indicated  by  conventional  lines  the  depth  to  the  principal 
water-bearing  horizon.  The  phenomena  of  artesian  supply  are  thus 
being  examined  in  the  Black  Hills  region,  from  which  the  water  is  sup- 
posed to  come,  and  in  the  James  River  Valley,  where  the  wells  have 
greatest  economic  importance. 

ARTESIAN  \A^ELLS. 

In  addition  to  the  detailed  studies  of  artesian  conditions  above 
mentioned,  facts  have  been  accumulated  concerning  the  artesian  wells 
in  various  parts  of  the  West.  These  have  considerable  importance  in 
the  development  of  certain  localities,  although  in  comparison  with 
gravity  supply  from  streams  they  sink  into  insignificance.  On  later 
pages  will  be  found  reference  to  some  of  the  important  wells  of  the 
State  of  Washington.  A  catalogue  of  all  deep  borings  of  this  charac- 
ter is  being  prepared  by  Mr.  Darton,  with  a  view  to  early  publication. 

Developments  of  known  artesian  areas  have  been  proceeding  rapidly, 
especially  when  reliable  facts  as  to  the  depth  and  quality  of  the  water 
have  been  made  matters  of  record. 

PUMPING  WATER. 

The  wells  from  which  water  must  be  had  by  pumping  have  in  the 
aggregate  far  greater  importance  in  the  development  of  the  arid 
region  than  the  flowing  wells,  from  the  fact  that  water  can  be  had  at 
moderate  depth  in  most  valleys,  especially  near  the  gravel-filled  drain- 
age channels.  Various  forms  of  power  are  being  utilized  for  operating 
pumps  raising  water  for  irrigation  purposes.  Steam  and  gasoline  are 
thus  employed,  and  in  some  cases  animal  power,  but  the  most  efficient 
and  economical  device  and  the  one  in  greatest  use  is  the  windmill. 

WINDMILLS. 

On  account  of  the  great  imx)ortance  of  windmills  in  raising  water  for 
irrigation  considerable  attention  has  been  given  to  studies  of  their  effi- 
ciency and  adaptability  for  local  conditions.    A  number  of  publications 
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were  issued  in  1898  bearing  upon  this  subject.  One  of  these,  known  as 
Water- Supply  and  Irrigation  Paper  Ko.  14,  gives  the  results  of  tests 
of  various  pumps  and  water  lifts  used  in  irrigation.  Another  (No.  20) 
gives  the  results  of  experiments  with  various  forms  of  wind  wheels, 
these  being  carried  on  by  Mr.  Thomas  O.  Perry.  In  addition,  data  has 
been  accumulated  by  Prof.  E.  0.  Murphy  for  windmills  operating  under 
conditions  prevailing  in  Kansas,  while  for  Nebraska  Prof.  E.  H.  Bar- 
bour, State  geologist,  has  brought  together  facts  concerning  the  wells 
and  windmills,  this  material  being  printed  in  Water-Supply  and  Irri- 
gation Paper  No.  2i). 

Throughout  the  Great  Plains  region,  from  Texas  to  Montana,  water  is 
found  in  many  i^laces  at  moderate  depth  beneath  the  surface,  but  in 
small  quantities.  In  order  to  raise  this  to  the  surface  innumerable 
small  pumping  plants  must  be  employed;  in  other  words,  power  must 
be  widely  distributed.  The  cheapest  power,  and  one  existing  almost 
continually  throughout  the  year,  is  the  wind.  The  extended  use  of  the 
windmill  in  irrigation  is  therefore  in  a  large  way  one  of  the  most  impor- 
tant steps  toward  the  development  of  the  resources  of  this  great  section 
of  the  United  States.  Its  adaptation  to  various  local  requirements  is 
a  matter  which  may  well  engage  the  attention  of  inventors  and  citizens 
concerned  in  the  prosperity  of  the  country. 

RESUME   OF   DISCHARGE   DATA. 

For  convenience  of  comparison  of  the  volume  and  fluctuations  of  the 
various  streams  measured  during  1898  and  preceding  years  the  follow- 
ing table  has  been  prepared,  giving  the  maximum,  minimum,  and  mean 
discharge  for  each  year  during  which  measurements  were  made.  The 
quantities  of  discharge  are  given  in  cubic  feet  x)er  second,  or  second-feet. 
The  table  gives  first  the  name  of  the  river  and  next  the  locality  at  which 
measurements  were  made,  and  adjacent  to  this  the  volume  and  page 
from  which  the  data  have  been  taken,  and  by  reference  to  which  more 
complete  information  can  be  had.  This  reference  is  abbreviated.  For 
example,  '^  19-75  "  is  intended  to  mean  the  Nineteenth  Annual  Report, 
Part  IV,  Hydrography,  page  75;  "20-100''  means  the  Twentieth 
Annual  Report,  Part  IV,  Hydrography  (this  volume),  page  100.  In 
the  column  next  to  the  reference  is  given  the  year  during  which  meas- 
urements were  made,  and  next  to  this  the  drainage  area  in  square  miles. 
The  maximum  discharge  is  the  greatest  estimated  discharge  for  the 
year,  extending  usually  throughout  the  day  or  a  considerable  portion 
of  the  day;  the  minimum  discharge  is  the  lowest  flow  for  any  one  day 
during  the  year,  and  the  mean  is  the  average  for  all  of  the  days  in  the 
year,  including  both  the  highest  and  the  lowest.  This  mean  is  obtained 
by  averaging  the  means  for  the  several  months.  The  run-off  is  stated 
in  two  ways,  first  in  cubic  feet  per  second  per  square  mile,  and  next  in 
depth  in  inches  over  the  whole  drainage  basin;  in  other  words,  the 
quantity  of  water  discharged  by  the  stream  throughout  the  whole  year 
would  cover  a  plain  of  equal  size  to  a  depth  of  the  number  of  inches 
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given.  After  this,  for  convenience  of  comparison,  are  given  figures  of 
estiinnted  or  approximate  annual  rainfall  as  derived  from  one  or  more 
points  of  observation  in  the  drainage  basin.  These  have  been  obtained 
mainly  through  the  courtesy  of  Hon.  Willis  L.  Moore,  Chief  of  the 
Weather  Bureau,  or  of  his  assistants. 

liesiime  of  discharge  data. 


River, 


Kennebec 


Cobbo  s  s  e  e - 
c«intee. 


Androscog- 
gin. 


Presumpscot 


Merrimac 


Sudbury 


Locality. 


Waterville, 
Maine. 


G  a  r  d  i  n  er, 
Maine. 


R  u  m  f  o  r  d 
Falls,  Maine 


Sebago  Lake, 
IkLaine. 


Lawrence, 
Massachu- 
setts. 


Reservoir, 
Massachu- 
setts. 


Refer- 

ence. 

Eh 
0) 

6 
fa* 

19 

75 

19 

75 

19 

75 

19 

76 

19 

78 

20 

65 

19 

81 

19 

81 

19 

82 

19 

82 

19 

82 

19 

83 

19 

93 

19 

93 

19 

94 

20 

70 

20 

70 

20 

70 

19 

103 

19 

103 

19 

103 

19 

104 

19 

104 

19 

105 

19 

105 

19 

105 

19 

106 

19 

106 

19 

107 

19 

113 

19 

113 

19 

113 

19 

114 

19 

114 

19 

114 

19 

115 

19 

115 

20 

73 

20 

75 

Tear. 


1893 
1894 
1895 
1896 
1897 
1898 

1891 
1892 
1893 
1894 
1895 
1896 

1893 
1894 
1895 
1896 
1897 
1898 

1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 

1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 

(a) 


Drain- 
age 
area. 


Sq.miles 
4,410 
4,410 
4,410 
4,410 
4,410 
4,410 

230 
230 
230 
230 
230 
230 

2,220 

2,220 
2,220 
2,220 
2,  220 
2,220 

470 
470 
470 
470 
470 
470 
470 
470 
470 
470 
470 

4,553 
4,553 
4,533 
4,553 
4,553 
4,553 
4,553 
4,553 
4,553 

75 


Maxi- 
mum. 


Sec.  ft. 
83,  500 
35, 280 
86,  200 
111, 250 
66,  907 
52,119 


38, 060 
22,  230 
55, 230 
39, 010 
22,  906 
16,  748 


31,  450 
39,  000 
24, 800 
44,  800 
27, 900 
65,  300 
82, 150 
41, 499 
36, 000 


Mini-  ; 
mum. 


Sec.ft. 
1,440 
1,480 
1,120 
1,  800 
967 
609 


1,300 
1,  380 
1,230 
1,130 
1,055 
1,224 


590 
280 
225 
286 
104 
71 
183 
176 
372 


Mean. 


Sec.ft. 
7,280 
4,930 
5,610 
8,160 
9,588 
8,607 

540 
280 
400 
280 
300 
410 

4,640 
3,820 
3,552 
3,862 
4,073 
3,801 

930 
930 
940 
990 
1,000 
730 
710 
670 
600 
720 
841 

9,373 

8,370 
5,869 
4,850 
5,035 
5,799 
7,187 
8,002 
8,414 


Run-off. 


Sec.ft. 
1.05 
1.12 
1.27 
1.84 
2.18 
1.95 

2.00 
1.04 
1.46 
1.05 
1.10 
1.52 

2.09 
1.72 
1.60 
L74 
1.83 
1.71 

L75 
1.75 
1.77 
1.86 
1.88 
1.37 
1.32 
1.26 
1.12 
1.36 
1.58 

2.06 
1.84 
1.29 
1.43 
1.11 
1.27 
1.58 
1.76 
1.76 

1.66 


a  Mean  of  twenty-four  years'  observations,  1875  to  1898  inclusive. 


Inches. 
21.33 
15.48 
17.06 
25,11 
29.61 
25.55 

27.10 
14.07 
19.88 
14.20 
14.90 
20.58 

28.39 
23.  36 
21.71 
23.64 
24.97 
23.28 

23.75 
23.82 
23.96 
25.28 
25.52 
18.59 
17.94 
17.08 
15.24 
18.41 
21.42 

27.93 
24.84 
17.58 
19.47 
15.03 
17.25 
21.40 
23.90 
24.05 


Rain- 
fall. 


Inches. 


47.72 
46.66 
40.89 
34.06 
37.07 
42.01 

36.26 
39.61 
37.47 
39.57 
47.25 
42. 17 

49.07 
59.24 
41.92 
51.97 
43.27 
39.15 
43.  61 
37.13 
38.78 
45.44 
42.42 
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Bt'sume  of  discharge  data — Continued. 


River. 


Connecticut 


Locality 


H  art  ford, 
Connecti- 
cut. 


Connecticut  . 


Hudson. 


Croton. 


Ho  1  y  o  k  6, 
Massachu- 
setts, b 


Median  ics- 
ville,  New 
York,  c 


Dam,     New 
York. 


Refer- 
ence. 


o 

Ph 


14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 


19 
19 
20 

19 
19 
19 
19 
19 
19 
19 
19 
20 

20 


be 
Ph 


141 
141 
142 
142 
142 
142 
142 
143 
143 
143 
143 
143 
144 

38 
38 
38 
38 
38 
39 
39 
39 
39 
39 
40 
40 
40 
40 
40 
41 
116 
116 
76 

119 
119 
120 
120 
120 
121 
121 
122 
81 

83 


Year. 


al871 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1884 
1885 

1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 

1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 

(of) 


Drain- 
age 
area. 


Sq.mile& 
10,  234 
10,  234 
10, 234 
10, 234 
10, 234 
10,  234 
10, 234 
10,  234 
10,234 
10, 234 
10,  234 
10, 234 
10,  234 

8,660 
8,660 
8,660 
8,660 
8,660 
8,660 
8,660 
8,660 
8,660 
8,  660 
8,660 
8,660 
8,660 
8,660 
8,660 
8,660 
8,660 
8,660 
8,660 

4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
4,500 


Maxi- 
mum. 


Sec.ft. 

87, 460 

98, 100 

109, 800 

134, 000 

90, 100 

120,  800 

128, 200 

89, 350 

116,400 

65, 550 

74, 000 

74, 700 

88,  600 

44, 100 
49, 050 
45, 000 
68,  300 
71,  900 
63,  950 
80, 150 
85, 500 
99, 750 
37, 650 
46,  750 
67,  300 
63, 100 
94, 350 
43,  300 
115,  000 
112, 050 
75,  350 
76, 150 

26, 000 
33,100 
43,  910 
54, 060 
26,  560 
49,  630 
59,  393 
35,  706 
39,  389 


Mini- 
mum. 


Sec.ft. 
5,  520 
6,250 
5,390 
5,210 
5,700 
5,360 
5,700 
5,350 
5,550 
5,200 
5,250 
5,150 
5,300 

300 

450 

250 

250 

500 

2,950 

550 

3,300 

1,100 

1,350 

550 

900 

1,800 

750 

150 

350 

450 

1,300 

600 

1,030 
850 
2,440 
1,380 
1,170 
540 
1,770 
2,150 
1,763 


Mean. 


Sec.ft. 
17,433 

19,  335 
23, 061 
23, 340 
18, 114 
22,  080 
16, 683 

20,  766 
18, 852 
13, 720 
18, 026 
19, 861 
17,  775 

8,343 
9,818 

10, 018 
8,107 

13, 084 

12,  635 
11, 387 
14, 329 
17, 320 

13,  903 
15, 556 
13, 190 
12, 273 
10, 295 

8,397 
10, 314 
12, 394 
15,  373 
13,  844 

8,749 
7,302 
10, 532 
7,562 
6,170 
6,345 
7,487 
9,352 
8,244 


Run-off. 


Sec.ft. 
1.70 
1.89 
2.25 
2.28 
1.77 
2.15 
1.63 
2.02 
1.84 
1.34 
1.76 
1.94 
1.73 

0.96 
1.13 
1.14 
0.94 
1.51 
1.46 
1.31 
1.65 
2.00 
1.59 
1.78 
1.51 
1.48 
1.19 
0.97 
1.20 
1.43 
1.78 
1.60 

1.94 
1.62 
2.34 
1.68 
1.37 
1.41 
1.66 
2.08 
1.83 


Inches. 
21.11 
26.71 
30.62 
30.81 
23.95 
29.15 
22.09 
27.51 
24.91 
18.25 
23.88 
27.30 
23.45 

12.89 
15.53 
15.40 
12.70 
20.46 
19.65 
17.73 
21.32 
27.15 
21.50 
24.12 
21.48 
20.15 
16.19 
13.17 
16.19 
19.41 
24.17 
21.70 

26.38 
21.90 
31.87 
22.85 
18.62 
19.08 
22.62 
28.28 
24.90 

24.  65 


Rainfall. 


Inches. 
37.70 
46.71 
43.85 
43.24 
43.07 
48.18 
42.92 
50.20 
47.24 
40.02 
46.93 
45.15 
43.62 


48.58 


a  January  lacking. 

b  Bulletin  D.  S.  Geol.  Survey  No.  140,  pages  37  to  41. 

c  See  also  report  by  Geo.  W.  Rafter  on  Water  Resources  of  the  State  of  New  York :  Water-Supply  and 
Irrigation  Papers  Nos.  24  and  25. 
({Mean  of  twenty-nine  years'  observations,  1870  to  1898  inclusive. 
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Resnmv  oj  d\Hchar<je  data — Continued. 


Rive'-. 


Perkiomen 


"Wissabickon 
Schuylkill... 
Tohickon 


Neshaminy 


Delaware 


Susquebanna 


Octoraro 
Creek. 

Patapsco 


Locality. 


Frederick, 
Penn  sy  1- 
vania. 


At  moutb, 
Pennsyl- 
vania. 

Fairmount, 
Pennsyl- 
vania. 

Point  Pleas- 
ant, Penn- 
sylvania. 


Below  Forks, 
Pen  n  8  y  1  - 
vania. 


Lambert- 
ville,  New 
Jersey. 

Harrisburg, 
Pennsyl- 
vania. 


Ro  wlands- 
ville,Mary 
land. 

Woodstock, 
Maryland. 


Refer- 
ence. 


o 


20 

90 

20 

90 

20 

91 

20 

91 

20 

91 

20 

92 

20 

92 

20 

93 

20 

93 

20 

95 

20 

95 

20 

20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 

20 

20 


fac 


97 

98 

99 

99 

100 

ion 

101 
101 
102 
102 

104 
104 
105 
105 
106 
106 
107 
107 
107 

85 
85 


19  125 

19  125 

19  125 

19  126 

19  126 

19  127 

19  |l27 

20  109 


19 
20 

19 
20 


128 
111 

130 
115 


Year. 

Drain- 
age 
area. 

Maxi- 
mum. 

Sq. miles 

Sec.  ft. 

1890 

152 

4,048 

1891 

152 

4,803 

1892 

152 

3,769 

1893 

152 

5,  139 

1894 

152 

8,769 

1895 

152 

4,203 

1896 

152 

6,789 

1897 

152 

4,747 

1898 

152 

5,552 

1897 

646 

2,817 

1898 

646 

1,512 

1898 

1,915 

23,271 

1890 

102 

2,942 

1891 

102 

2,858 

1892 

102 

3,158 

1893 

102 

2,994 

1894 

102 

8,650 

1895 

102 

3,857 

1890 

102 

6,515 

1897 

102 

3,  683 

1898 

102 

4,160 

1890 

139 

2,990 

1891 

139 

3,276 

1892 

139 

3,584 

1893 

139 

3,154 

1894 

139 

9,012 

1895 

139 

3,234 

1896 

139 

8,707 

1897 

139 

4,677 

1898 

139 

5,076 

1897 

6,855 

66,  540 

1898 

6,855 

61,  260 

1891 

24, 030 

302,  300 

1892 

24, 030 

224, 475 

1893 

24, 030 

257,  590 

1894 

24, 030 

454, 900 

1895 

24, 030 

206, 575 

1896 

24, 030 

223,  580 

1897 

24, 030 

168,  090 

1898 

24,  030 

242, 375 

1897 

217 

6,150 

1898 

217 

3,320 

1897 

251 

7,250 

1898 

251 

2,050 

Mini- 
mum. 


Mean. 


Sec.ft.lSec.ft. 
37  I   290 
20  !   286 
4    214 

13  i   259 

14  '   269 
4    177 

17    191 

221 

12    242 


Run-ofl". 


Rainfall. 


15 
25 

4 
3 
4 
3 
2 
2 
3 
3 
3 

10 
12 
3 
5 
5 
4 
8 
10 
6 


Sec.ft. 
1.90 
1.89 
1.41 
1.70 
1.78 
1.16 
1.31 
1.45 
1.98 


204 
226 
167 
227 
235 
142 
150 
183 
206 

204 
251 
169 
264 
240 
167 
176 
218 
229 


2,500  ,18,619 


10, 750 
4,000 
3,400 
3,000 
2,200 
3,000 
4,000 
5,250 

130 
180 

65 

58 


52, 619 
37,  641 
41,073 
38, 747 
29, 680 
34,  900 
32, 132 
40, 812 

310 
399 

422 


2.00 
2.21 
1.64 
2.22 
2.30 
1.39 
1.47 
1.79 
2.01 

1.47 
1.81 
1.09 
1.90 
1.72 
1.19 
1.27 
1.56 
1.65 


Inches. 
25.79 
25.44 
19.46 
22.95 
24.10 
16.82 
17.04 
19.63 
24.50 


27.09 
30.06 
22.33 
29.71 
3L12 
18.81 
19.83 
24.29 
27.21 

19.88 
24.36 
14.91 
25.53 
23.50 
16.18 
12.02 
21.  23 
22.16 


2.72  ;  36.77 


2.19  I 

1.57 

1.71 

1.61 

1.24 

1.45 

1.34 

1.70 

1.43 
1.84 

1.68 


29.39 
21.33 
23.15 
21.  92 
16.66 
19.71 
18.13 
23.06 

19.07 
24.95 

22.67 
15.06 


Inches. 


48.42 
39.97 
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Besiime  of  discharge  data — Continued. 


Refer- 

ence. 

River. 

Locality. 

Year. 

Drain- 
age 
area. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Run-off. 

Raintall. 

u 

o 
ft 

05 

Ah 

Sq.mile& 

Sec.  ft. 

Sec.  ft. 

Sec.  ft. 

Sec.ft. 

Inches. 

Inches. 

Patuxent 

A  nti  e  tam 

Creek. 

Laurel, 
Maryland. 

Sharpshur^, 
Maryland 

19 
20 

19 

20 

181 
116 

149 
122 

1897 
1898 

1897 
1898 

137 
137 

293 
293 

4,274 

17 

187 

1.36 

18.33 

48.42 
39.97 

46.60 
42.92 

570 
3,275 

60 
80 

...... 

313 

1.07 

14.49 

North 

Port  Repub- 

20 

123 

1896 

804 

23, 870 

177 

1,040 

1.29 

17.49 

46.15 

li  c ,  Vir- 
ginia. 

20 
20 

123 
124 

1897 
1898 

804 
804 

13, 795 
11,  470 

215 
275 

829 
1,032 

1.03 
1.28 

13.70 
17.55 

31.98 
40.13 

South 

Port  Repub- 

20 

125 

1896 

246 

9,200 

85 

344 

1.33 

17.96 

46.15 

lic,  Vir- 
ginia. 

20 
20 

125 
126 

1897 
1898 

246 
246 

5,607 
4,345 

85 
100 

301 
349 

L23 
1.42 

16.36 
19.42 

31.98 
40. 13 

Shenandoah  . 

Millville, 
West  Vir- 
ginia. 

18 
19 

28 
151 

1896 

1897 

2,995 
2,995 

12,  550 

28,  310 

840 
610 

2,383 

2,577 

0.79 
0.86 

11.72 
11.43 

39.96 

20 

127 

1898 

2,995 

34, 235 

650 

3,233 

0.96 

13.04 

39.15 

Potomac 
(North 

Cumberland, 
Maryland. 

131 
140 

88 
47 

1894 
1895 

891 
891 

7,405 

Branch). 

18 

23 

1896 

891 

17,  600 

140 

1,230 

1.38 

18.72 

37.54 

19 

147 

1897 

891 

20,  375 

40 

1,165 

1.09 

16.74 

33.03 

Potomac 

Great  Caca- 
pon,  Mary- 
land. 

140 

48 

1895 

Potomac 

Great  Falls, 

14 

135 

1886 

11, 427 

224,  600 

2,460 

12,511 

L13 

15.30 

5L10 

Maryland. 

14 

135 

1887 

11,427 

104, 320 

3,000 

11,  880 

1.07 

14.50 

37.03 

14 

136 

1888 

11, 427 

213, 000 

3,000 

15,365 

1.39 

18.83 

40.99 

14 

136 

1889 

11,427 

471,  700 

3,240 

32,  913 

2.73 

37.06 

53.80 

14 

136 

1890 

11,427 

204, 700 

3,000 

21,368 

1.93 

26.13 

44.92 

14 

136 

1891 

11,427 

229, 600 

3,000 

26,  928 

2.40 

32.57 

44.34 

Potomac 

Chain  Bridge, 
District  of 

14 
14 

137 
137 

1892 
1893 

11,545 
11,545 

147, 200 
198, 060 

1,900 
2,260 

14,216 
15,069 

1.28 
1.35 

17. 37 
18.45 

Potomac 

Columbia. 

Point    of 
Rocks, 
Maryland. 

131 
140 

18 
18 
19 

89 
60 

32 

33 

152 

1894 
1895 

al895 

al896 

1897 

11,545 
11,  545 

9,654 
9,654 
9,654 

50,  900 
171,  660 
187,  640 

825 

1,650 

800 

9.30 
11.45 

14.  87 

36.35 
39.80 

10,  768 

1.12 

20 

131 

1898 

9,654 

119, 150 

1,350 

13,  030 

1.35 

18.45 

41.90 

Mouocacy 

Frederick, 

19 

154 

1897 

665 

9,792 

77 

983 

1.48 

19.92 

38.35 

Maryland. 

20 

129 

1898 

665 

11,  297 

90 

1,  070 

1.62 

21.89 

44.93 

North 

G  1  asgow, 

18 

38 

1896 

831 

37, 250 

190 

1,086 

L33 

18.14 

41.88 

Virginia. 

19 

162 

1897 

831 

10,450 

150 

86G 

1.05 

13.95 

38.  91 

20 

135 

1898 

831 

17,  880 

197 

1,008 

1.21 

16.  59 

41.69 

James 

Buchanan, 

18 

41 

1896 

2,058 

31,  950 

340 

1,631 

0.79 

10.77 

41.88 

Virginia. 

19 

172 

1897 

2,058 

30, 000 

300 

1,779 

0.86 

11.49 

38.91 

20 

136 

1898 

2,058 

31,  280 

510 

2,152 

1.05 

14.35 

41.69 

20  GEOL,  PT  4- 


a  Year  is  complete. 
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Resume  of  discharge  data — Continued. 


River. 


Roanoke.., 

Dan 

Staunton  . . 
Roanoke... 

Tar 

Neuse 

Cape  Fear . 

Yadkin 

Yadkin.... 
Catawba... 
Catawba... 

Broad 

Broad 

Saluda 

Savannah.. 

Savannah.. 


Refer- 

ence. 

Year. 

Locality. 

u 

o 

be 

Roanoke, 

20 

140 

1897 

Virginia. 

20 

140 

1898 

Clarksville, 

18 

45 

1896 

Virginia. 

19 

179 

1897 

Clarksville, 

18 

47 

1896  j 

Virginia. 

19 

180 

1897 

ilfeal.  North 

19 

182 

1897 

Carolina. 

20 

142 

1898 

Tarboro, 

19 

184 

1897 

North  Car- 
olina. 

20 

143 

1898 

Selma,North 

19 

186 

1897 

Carolina. 

20 

144 

1898 

Fayetteville, 
North  Car- 
olina. 

18 
19 

56 
193 

1896 
1897 

' 

20 

145 

1898 

Salisbury, 

18 

59 

1896 

North  Car- 
olina. 

19 

201 

1897 

20 

146 

1898 

Norwood, 

19 

202 

1897 

North  Car- 
olina. 

20 

147 

1898 

C  atawba, 

19 

212 

1897 

North  Car- 
olina. 

20 

149 

1898 

Rock?  ill, 

18 

63 

1896 

Sout'^  Car- 
olina,. 

19 

214 

1897 

20 

150 

1898 

Gaffney  , 

19 

220 

1897 

South  Car- 

olina. 

Alston, 

20 

151 

1897 

South  Car- 
olina. 

20 

151 

1898 

Waterloo, 

20 

153 

1897 

South  Car- 
olina. 

20 

153 

1898 

Calhoun 

19 

224 

1896 

Falls,  South 
Carolina. 

19 

224 

1897 

20 

164 

1898 

Augusta, 

14 

147 

1884 

Georgia,  a 

14 

147 

1885 

14 

147 

1886 

14 

148 

1887 

14 

148 

1888 

14 

148 

1889 

14 

148 

1890 

14 

148 

1891 

Drain- 
age 
area. 


Maxi- 
mum. 


Sq.miles  Sec.  ft. 
550 
700 


388 

11, 

388 

5, 

,700 

33, 

,798 

27. 

,450 

36, 

,546 

29, 

,717 

64, 

,717 

34, 

,290 

14, 

,290 

8, 

,175 

7, 

,175 

6, 

,493 

52, 

,493 

35, 

,493 

24, 

,399 

64, 

,399 

34, 

,399 

79, 

,614 

50, 

,614 

63, 

,535 

40, 

,535 

52, 

,987 

62, 

,987 

65, 

,987 

36, 

,435 

18, 

,609 

47, 

,609 

28, 

,056 

12, 

,056 

8, 

,712 

26, 

,712 

18, 

,712 

23, 

,294 

75, 

,294 

61, 

,294 

114, 

,294 

143, 

,294 

309, 

,294 

119, 

,294 

79, 

,294 

116, 

000 
044 

000 
326 

300 

274 

,600 
680 

856 
350 

340 
708 
072 

200 
924 
998 

120 
260 

,525 
,600 

,500 
650 
500 

736 

375 
500 

730 
,230 

,000 

000 

,750 

,890 
05O 
800 

,450 
930 
600 
600 

,000 


Mini- 
mum. 


See.  ft. 
33 
30 

825 
400 

645 
550 

2,000 
2,060 

170 
360 

75 
185 

489 
340 
489 

1,000 

900 

1,100 

1,310 
1,380 

850 
1,000 

1,330 
1,575 
1,800 

790 

1,900 
1,815 

335 
290 


1,405 


1,980 
2,400 
3,020 
3,200 
3,500 
3,960 
2,700 
3,100 


Mean, 


Run-olf. 


Sec.  ft.  Sec.ft. 


467 
545 


1.20 
1.40 


3,  026 


3,560 

8,077 
6,485 

1,990 
1,872 

881 
1,032 

4,019 
4,167 
2,945 

4,844 
5,354 
3,569 

6,193 

5,484 

2,683 
3,229 

3,274 
3,916 
4,850 

2,970 

5,976 
5,024 

1,779 
1,573 


0.80 


10, 640 
9,857 

12,  560 
9,731 

16,821 

12, 445 
8,728 

13, 928 


1.00 

0.93 
0.74 

0.87 
0.82 

0.75 
0.78 

0.55 
0.93 
0.66 

1.42 
1.58 
1.05 

1.34 
1.19 

1.75 
2.10 

1.10 
1.31 
1.62 

1.99 

1.30 
1.09 

1.68 
1.49 


1.46 
1.35 
1.72 
1.33 
2.31 
1.71 
1.20 
1.79 


Inches. 
15.99 
19.15 

10.96 
10.68 

10.56 
13.46 

12.37 
10.11 

11.64 
11.12 

10. 10 
11.95 

11.49 

12.44 

8.90 

19.31 
21.13 
14.30 

18.05 
16.18 

23.47 
28.67 

14.88 
17.61 
22.13 

28.01 

17.36 
14.83 

22.78 
20.34 


20.13 
19.52 

19.84 
18.24 
23.41 
18.14 
31.07 
23.02 
16.  26 
25.66 


Rainfall. 


Inches. 
36.91 
39.00 

42.11 
34.44 

42.11 
34.44 

35.21 
41.21 


45.86 
48.59 
54.43 


a  Additional  data  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  pages  28-30. 
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Resume  of  discharu/e  data — Continued. 


Kiver. 


Savannah 
Broad 

Oconee  .. 
Oconee  .. 
Tellow  .. 
Ocmulgee 


Flint 


Chattah  oo 
chee. 


Chattah  CO 
chee. 


Etowah , 


Coosawattee . 
Oostanaula  .. 
Coosa 


Coosa. 


Tallapoosa.. 


Black    War- 
rior. 


Greenbrier. . 


Xew. 


Locality. 


Augusta, 
Georgia. 

Carlton, 
Georgia. 

Carey,  Geor- 
giii. 

Dublin,  Geor- 
gia. 

Almon,  Geor- 
gia. 

Macon, 
Georgia. 


Molina, 
Georgia. 

O  a  k  d  a  1 6 , 
Georgia. 


West  Point, 
Georgia. 

Can  ton, 
Georgia. 


Carters, 
Georgia. 

R  6  s  a  c  a  , 
Georgia. 

Riverside, 
Alabama. 

Rome,  Geor- 
gia. 

Milstead, 
Alabama. 


Tuscaloosa, 
Alabama. 


Alder son , 
West  Vir- 
ginia. 


Fayette, 
West  Vir- 
ginia. 


Refer- 
ence. 


-t-^ 

;-l 

, 

o 

<s 

A 

61) 

0) 

e3 

M 

PM 

20 

19 
20 

19 

20 

19 

18 
18 
18 
18 
19 
20 

19 
20 

18 
19 

20 

19 
20 

18 
19 
20 

19 
20 

19 
20 

19 
20 

20 
20 

19 
20 

18 
18 
19 
20 

18 
19 
20 

18 
19 
20 


165 

227 
163 

228 

170 

230 

82 
83 
83 
83 
232 
171 

234 

184 

89 
236 
182 

239 
18^ 

96 
242 

189 

244 
191 

245 
190 

248 
189 

185 
185 

250 
193 

108 
108 
251 
194 

114 
254 
204 

115 
256 
203 


Year. 


1898 

1897 
1898 

1897 

1898 

1897 

1893 
1894 
1895 
1896 
1897 
1898 

1897 
1898 

]896 
1897 
1898 

1897 
1898 

1895 
1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1895 
1896  ! 
1897 
1898 

1896 
1897 
1898 

1896 
1897 
1898 


Drain- 
age 
area. 


Sq.miles 
7,294 

762 

762 

1,346 

4,182 

379 

2,425 
2,425 
2,425 
2,425 
2,425 
2,425 

892 
892 

1,560 
1,560 
1,560 

3,  300 
3,300 

604 
604 
604 

532 
532 

1,  527 
1,527 

6,850 
6,850 

4,001 
4,001 

3,840 
3,840 


4,900 
4,900 

1,344 
1,344 
1,344 

6,200 
6,200 
6,200 


Maxi- 
mum. 


Mini- 
mum. 


Sec.  ft. 
88, 160 

3,671 
16,  937 

10,  000 

27,  904 
450 

18, 550 

20,  075  I 
30, 715  : 
36,  200  i 
28, 700  . 
31,  640  : 

4,439  I 
6,  580 

24,  600  j 

21,  890 
33, 975 

28,  868  ; 
57,  350  , 

19,000  ' 
9,786 

11,  695 


Sec.  ft. 
2,084 

315 

300 

381 

865 

85 

855 
1,113 
842 
380 
442 
388 

55 


Mean 


Sec.  ft 
11,373 


1,197 


8,070 


22, 150 

47,  624 
72,  160 

44, 910 
45, 885 

12, 440 
36,  420 

190,  000 
52,  600 

120,080 
75,  000 

24,  400 
55,  850 

48,  700 

74, 200 
83,  574 
61,080 


745 
675 
730 

830 
950 

510 
244 
310 


313 


594 

1,350 
2,140 

900 
1,900 

350 
540 

140 

120 

90 

130 

125 
55 

155 

2,615 
1,170 
1,850 


2,575 
2,666 
3,402 
2,469 
2,521 
2,749 

419 


1,785 
2,520 
3,  256 

4,875 
5,311 

1,339 
1,134 
1,337 


863 


2,838 

9,282 
9,329 

6,070 
6,111 


3,902 

7,991 
4,823 

7,277 
4,221 

1,795 
2,027 
2,414 

8,671 
8,  530 
8,  401 


Run-off. 


Sec.ft. 
1.56 


Inches. 
21.28 


1.57 


21.40 
10.40 


1.06 
1.10 
1.40 
1.02 
1.04 
1.13 

0.47 


1.14 
1.62 
2.09 

1.48 
1.61 

2.34 
1.87 
2.21 


1,62 


1.86 

1.35 
1.34 

1.52 
2.22 


1.02 

1.63 
0.98 
1.48 
0.86 

1.34 
1.51 
1.80 

1.40 
1.38 
1.36 


13.18 
14.85 
19.16 
13.87 
14.04 
15.44 

3.77 


Rainfall. 


15.56 
21.86 
28.48 

20.01 
21.89 

31.79 
25.35 
30.16 

20.03 
22.  06 

14.77 
25.24 

18.27 
18.20 

20.52 
29.20 


13.85 

22.31 
13.23 
20.27 
11.69 

18.11 
20.12 
24.47 

18.40 
18.42 
18.47 


Inches. 
54.43 

48.77 
60.10 


49.31 


43.55 
41.59 
62.54 


40.88 
48.62 
57.22 

48.62 
57.22 


55.76 

71.77 

52.45 
52.49 

52.45 
52.49 

48.08 


43.13 
42.38 
49.07 

43.13 
42.38 
49.07 
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Resume  of  discharge  data — Coutiuued. 


I 


xiver. 


French 
Broad. 


Tuckasegee.. 


Little  Ten- 
nessee. 

Hiwassee 


Tennessee 


Desplaines 
Genesee 


Mississippi 


We  t    Galla- 
tin. 


Locality. 


Asheville, 
North 
Carolina. 


B  r  y  s  o  n  , 
North 
Carolina. 

J  u  d  son, 
North 
Carolina. 

Murphy, 
North 
Carolina. 

Chattanooga, 
Tennessee. 


River  si  de, 
Illinois,  a 

Mount  Morris 
New  York. 6 


St.   P  au  1, 
Minnesota. 


Salesville, 
Montana. 


1 

Refer- 

ence. 

6 

19 

257 

19 

257 

19 

258 

20 

205 

20 

206 

20 

206 

20 

207 

20 

207 

19 

260 

20 

209 

18 

121 

18 

122 

18 

122 

18 

122 

18 

122 

18 

122 

19 

261 

19 

261 

20 

210 

20 

219 

20 

225 

20 

226 

20 

226 

19 

268 

19 

268 

19 

268 

19 

268 

19 

269 

19 

269 

19 

269 

19 

269 

19 

270 

19 

270 

19 

270 

14 

102 

14 

102 

14 

102 

14 

102 

14 

102 

131 

16 

140 

88 

18 

126 

19 

276 

20 

241 

Year. 


1895 
1896 
1897 
1898 
1897 
1898 

1897 
1898 

1897 
1898 

1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 

1898 

1894 
1895 
1896 

1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 

1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 


Drain- 
age 
area. 


Sq. miles 
987 
987 
987 
987 
662 
662 

675 
675 

410 
410 

21,418 
21,418 
21,418 
21,418 
21,418 
21,418 
21,418 
21,418 
21,418 

630 

1,070 
1,070 
1,070 

36, 085 
36,  085 
36,  085 
36, 085 
36,  085 
36, 085 
36, 085 
36,  085 
30,  085 
3G,  085 
36, 085 

850 
850 
850 
850 
850 
850 
850 
860 
860 
860 


Maxi- 
mum. 


Sec.  ft. 


7,780 
5,830 
6,030 


Mini- 
mum. 


Sec.  ft. 


Mean.        Run-oft". 


26,  050 

16,950 
38, 100 

2,470 
9,520 

445, 120 
381,  040 
63,  240 
283, 140 
151,  095 
261, 780 
409, 520 
363, 240 
174, 500 

8,960 

16,  142 
11,220 
15, 220 

28,  855 
53, 095 

9,150 
17, 900 
15,  620 
44,  005 
54, 610 
39, 965 

9,380 
34,410 
71,  275 


672 
652 
675 


Sec.  ft. 


Sec.ft. '  Inches. 


3,800 
2,975 
6,800 


10, 750 
5,780 
7,226 


400 

407 
275 

237 
315 

19,  500 
17,440 
17, 220 
18,410 
16,  360 
16,360 
8,426 
4,268 
10, 245 

0 

100 
100 
100 


2, 
4, 
3, 
2, 
1, 
3, 
2 

1, 
2, 
1, 

5, 


780 
580 
200 
500 
980 
060 
500 
980 
100 
640 
060 


1,244 
1,518 
1,680 


1.26 
1.54 
1.70 


2,042 

2,623 
2,623 


1,073 

48, 275 
54, 309 
45,  835 
41.861 
31, 395 
36, 603 
33, 825 
46, 055 
35, 584 

509 

1,386 
580 


280 
370 
400 


100 
350 
560 


871 

880 

1,123 


1,132 
993 

1,328 


3.08 

3.89 
3.89 


2.62 

2.26 
2.54 
2.15 
1.96 
1.53 
1.71 
1.58 
2.15 
1.66 

0.81 

1.47 
0.62 


1.03 
1.03 
1.32 


1.31 
1.15 
1.55 


17.14 
20.75 
23.21 


42.24 

52.53 
53.26 


35.60 

30.57 
34.08 
29.17 
26.24 
19.77 
23.27 
21.39 
29.07 
22.52 

10.  92 

20.01 
8.38 


13.94 
14.05 
18.02 


17.66 
15.71 
20.96 


Rainfall. 


Inches. 


23.55 
22.05 
31.65 


a  Results  for  years  1886  to  1898 ;  see  also  Water  Supply 
&  See  also  Water  Sui)ply  and  Irrigation  Paper  No.  24,  p, 


and  Irrigation  Paper  No.  24,  p.  64. 
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Bi'sxme  of  discharge  data — Coutinued. 


River. 


Gallatin 


Madison 


Madiaon . 


Madison . 


Jeflferson 


Missouri. 


Missouri. 


Sun. 


Locality. 


Logan,  Mon- 
tana. 


Redbluft", 
Montana. 


Threeforks , 
Montana. 

Redblutf, 
Montana. 


Sappington, 
Montana. 


Craig,  Mon- 
tana. 


Townsen  d, 
Montana. 


Milk 

Yellowstone 


Yellowstone . 


Shoshone 


GreyBull.--. 

Little  Goose 
Creek. 

Big  Goose 
Creek. 

Clear  Creek . . 


Augusta, 
Montana. a 


Havre,  Mon- 
tana. 

Horr,    Mon- 
tana, a 


Livingston, 
Montana. 

Lovell.  Wy- 
oming. 

Meeteet  se, 
Wyoming. 

Sheridan, 
Wyoming. 

Sheridan, 
Wyoming. 

Buffalo,  Wy- 
oming. 


Refer- 

ence. 

Year. 

Drain- 
age 
area. 

u 

c 
ft 

Sq. miles 

18 

130 

1896 

1,620 

19 

278 

1897 

1,620 

20 

240 

1898 

1,620 

14 

103 

1890 

2,085 

14 

103 

1891 

2,085 

14 

103 

1892 

2,085 

131 

20 

1893 

2,420 

131 

20 

1894 

2,420 

140 

92 

1895 

2,420 

18 

133 

1896 

2,420 

19 

280 

1897 

2,085 

20 

236 

1898 

2,085  1 

18 

135 

1896 

8,984 

19 

282 

1897 

8,984  ' 

20 

238 

1898 

8,984 

14 

104 

1890 

17,615 

14 

104 

1891 

17,  615 

14 

104 

1892 

17,  615 

131 

25 

1893 

14,  500 

131 

25 

1894 

14,  500 

140 

94 

1895 

14,  500 

19 

284 

1896 

14, 500 

19 

285 

1897 

14, 500 

20 

244 

1898 

14,  500 

12 

347 

1889 

1,175 

13 

93 

1890 

1,175 

20 

245 

1897 

7,300 

20 

245 

1898 

7,300 

12 

347 

1889 

2,700 

12 

347 

1890 

2,700 

13 

93 

1891 

2,700 

13 

93 

1892 

2,700 

19 

289 

61897 

3,  580 

20 

248 

1898 

3,580 

19 

292 

61897 

2,720 

20 

249 

1898 

2,720 

1 

19 

294 

61897 

870 

19 

297 

61897 

128 

19 

297 

61897 

320 

19 

298 

61897 

118 

20 

250 

61898 

118 

Maxi- 
mum. 


Sec.  ft. 
6,550 
6,460 
6,107 

6,420 
4,620 
5,940 


Mini- 
mum. 


Mean. 


3,880 

8,175 

8,613 
8,000 


11,  040 
10, 130 

12,  500 
16, 355 
28,  650 


32,  500 
21, 300 
25,  010 


4,085 


2,546 


11,915 

8,975 

15,  500 

26, 820 
23, 239 

9,440 
12,340 

1,608 

207 

595 

657 
853 


Sec.  ft.  Sec.  ft. 
630  '  1,085 


400 
370 

1,285 
1,070 
1,240 


1,440 
1,385 


1,105 
1,226 

2,068 
1,872 
1,844 


2,065 

2,078 


Run -off. 


Sec. ft. 
0.67 
0.68 
0.76 

0.99 
0.90 

0.89 


0.86 
0.86 


Inches. 
9.06 
9.28 
10.24 

13.48 
12.19 
12.02 


1,450      2,239  I   1.07 
2.150    i , 


11.59 
11.63 

13.66 


Rainfall. 


Inches. 
17.16 
16.98 
16.89 


550      2, 357 


1,000 

1,742 
1,742 


3,300 
2,200 
2,100 

180 
160 


510 

285 
470 

1,650 
1,608 

350 
150 

65 


2,659 

4,307 
5,503 


0.26 
0.30 

0.24 
0.31 


6,440 
5,304 
0,472 


715 


3.58 
0.34 

3.33 
4.27 


0..36 
0.37 
0.38 


0.60 


3,181 
2,421 
3,202 


4,394 


1.18 
0.90 
1.19 


L23 


5.71 
5.00 
5.11 


8.29 


16.08  !. 
12.24  '. 
16.15  I. 


16.66 


1 


26 

17 


132      1.12 

I 


15.20 


17.10 

16.98 
16.89 


17.16 
16.98 
16.89 


a  See  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  1890,  pp.  163  and  174. 
6  Year  incomplete. 
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Resume  of  discharae  data — Coutinued. 


Eiver. 


White  .. 
Laramie 

Laramie 


North  Platte. 
North  Platte. 
North  Platte. 
North  Platte. 
South  Platte . 


South  Platte. 


South  Platte. 


Bear  Creek. . 


South   Boul- 
der Creek. 

Boulder  Creek 


St.    Train 
Creek. 


Locality. 


Crawford, 
Nebraska. 

"Woods  Land- 
in  e,   Wy- 
oming. 

TJva,  Wyom- 
ing. 

Orin  Junc- 
tion, Wy- 
oming. 

Gering,  Ne- 
braska. 

Camp  Clarke, 
Nebraska. 


North  Platte, 
Nebraska. 


Deansbury , 
Colorado,  a. 


Denver,  Col- 
orado. 


Orchard,  Col- 
orado. 


Morrison, 
Colorado. 

Marshall. 
Colorado. 

Boulder, 
Colorado. 


Lyon.s,  Col- 
orado. 


Refer- 
ence. 


o 


19 

19 
20 

19 

20 

19 

20 

19 
20 

19 
20 

19 

20 

13 
13 
13 
13 
140 
18 
19 

18 
19 
20 

19 
19 
19 

20 

19 

20 

19 

20 

13 
13 
13 
13 
18 
18 
19 
20 

19 
20 


299 

301 
274 

302 
275 

307 
266 

308 
267 

309 
268 

310 
269 

93 

93 

93 

93 

103 

162 

312 

165 
314 
279 

315 
315 
315 
293 

317 

284 

318 

287 

93 

93 

93 

93 

171 

171 

319 

286 

320 
285 


Tear, 


1897 

1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1887 
1888 
1889 
1890 
1895 
1896 
1897 

1896 
1897 
1898 

1895 

1896 

61897 

1898 

61897 
1898 

61897 
1898 

1887 

1888 
1889 
1890 
1895 
1896 
61897 
1898 

61897 
1898 


Drain- 
age 
area. 


Sq. miles 
270 

435 


3,179 
3,179 

14,828 
14,  828 

21,  340 
24,  340 

24, 830 
24, 830 


28, 
28, 

2, 
2 

2, 

9 

—I 

2 
2 

2, 


3, 
3, 

12, 
12, 
12, 

12, 


517 
517 

600 
600 
600 
600 
600 
600 
600 

840 
840 
840 

260 
260 
260 
260 

170 
170 

125 

125 

102 
102 
102 
102 
179 
179 
102 
102 

209 
209 


Maxi- 
mum. 


Sec.  ft. 
18 

3,425 
1,  572 

2,570 
1,220 

19,  160 
15, 635 


18,  500 

11,400 
17. 000 

23, 720 
14, 646 


780 
788 
875 


982 
1,550 

444 
2,425 
2,308 


5,520 
3,214 

737 

208 

554 


320 

785 
1,200 


745 
566 

980 
551 


Mini- 
mum. 


Sec.  ft. 
9 

60 
40 

8 
1 


50 

350 
60 

422 
50 


90 


83 
67 

42 
55 

50 


61 
0 

5 

20 

18 


23 
3 

28 
6 


Mean. 


Run -off. 


Sec.  ft. 


Sec.ft.  Inches. 


374     0.80      11.61 


296 

105 

308 
1,662 


0.09 
0.03 

0.21 
0.11 


2,564      0.10 


5,509 
2,919 


0.19 
0.10 


235 
444 

178 
402 
448 


934 

791 


0.09 
0.17 

0.05 
0.10 
0.12 


1.27 
0.45 

2.79 
1.51 


1.39 


2.61 
1.38 


1.22 
1.15 

0.62 
1.43 
1.58 


0.07 
0.07 


1.029 
0.90 


Rainfall. 


Inches. 


12.46 
7.63 

12.46 
7.63 

13.75 
12.96 


12.  66 

12.81 


11.84 
15.37 
12.98 


a  Estimates  from  diagrams  in  Fourth  Biennial  Report  of  State  Engineer  of  Colorado,  1887-88,  PI. 
XVII;  figures  also  from  Fifth  Biennial  Report,  1889-90,  pp.  24,  25. 
6  Tear  incomplete. 
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Resume  of  discharge  data — Continned. 


River. 


St.    Vrain 
Creek. 


Big    Thomp- 
son Creek. 


CachelaPou- 
dre. 


South  Platte  . 
North  Loup.. 
Middle  Loup. 
Loup 


Platte. 


Elkhorn 


Republican  . 
Republican  . , 

Solomon 


Refer- 

ence. 

Year. 

Locality. 

, 

u 

o 

0^ 

p. 

bo 

« 

e3 

« 

PM 

Lyons,  Colo- 

13 

93 

1887  ' 

rado. 

13 

93 

1888  ! 

13 

93 

1889 ; 

13 

93 

1890 

Arkins,  Col- 

13 

•93 

1888 

orado,  a 

13 

93 

1889 

13 

93 

1890  i 
1891 
1892 
1895 

140 

111 

19 

322 

CI897 

20 

288 

1898 

Fort  Collins, 

13 

94 

1884 

Colorado,  h 

13 

94 

1885 

13 

94 

1886 

13 

94 

1887 

13 

94 

1888 

13 

94 

1889 

13 

94 

1890 

13 

94 

1891 

13 

94 

1892 

:N"orth  Platte, 

19 

323 

C1897 

Nebraska. 

St.  Paul,  Ne- 

19 

329 

1897 

braska. 

St.  Paul,  Ne- 

19 

330 

1897 

braska. 

Columbus, 

19 

332 

C1897 

Nebraska. 

20 

294 

1898 

Columbus, 

19 

334 

C1897 

Nebraska, 

20 

295 

1898 

Norfolk,  Ne- 

19 

335 

1897 

braska. 

20 

296 

1898 

Superior, 

19 

339 

1897 

Nebraska. 

Junction, 

18 

205 

1896 

Kansas. 

19 

340 

1897 

20 

318 

1898 

Beloit,  Kan- 

18 

210 

1896 

sas. 

19 

341 

1897 

Drain- 
.  age 
area. 


Maxi-     Mini- 
mum,    mum. 


Mean. 


Run-off. 


Sq.miles  Sec.  ft.  Sec.  ft.  Sec.  ft.  Sec.ft. 
209 

490 


209 
209 
209 

305 
305 
305 
305 
305 
305 
305 
305 

1,060 
1,060 
1,0G0 
1,060 
1,060 
1,060 
1,060 
1,060 
1,060 

23,  294 

4,024 

6,849 

13,  542 
13, 542 

56,  867 
56,  867 

2,474 
2,474 

22, 347 

25,  837 
25,  837 
25, 837 

5,539 
5,  539 


423 
570 

860 

546 

1,603 

1, 182 

1,  182 


850 
605 


1,960 
1,804 
5,060 


4,427 

4,880 

2,800 

27, 000 
6,675 

31,  000 
24, 600 


4,310 

37, 500 
6,360 
7,175 

21, 800 
7,470 


33 
37 
32 


575 


585 


670 


990 


0 

326 
85 
69 

5 
16 


Inches. 


Rainfall. 


Inches, 


283 
335 
390 


0.26 
0.32 
0.37 


996     0. 23 


1,  208     0. 18 


2,  961 


0.22 


257  1  0.10 


600 

1,150 
966 
759 

451 


0.02 

0.04 
0.03 
0.03 

0.08 


3.62 
4.32 
5.03 


3.38 


2.39 


1.73 


0.94 


0.27 

0.60 
0.50 
0.39 

1L02 


17.70 
18.18 

21.55 
17.84 

26.13 
20.37 


aSeebienuialreportsof  State  engineer  of  Colorado:  Fourth,  Pis.  XVII-XX;  Fifth,  pp.  24-30;  Sixth 
1891-92,  pp.  22-39. 

&  Figures  of  daily  flow  are  given  in  Water  Supply  and  Irrigation  Paper  No.  8,  pp.  20-26. 
c  Tear  incomplete. 
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Resume  of  discharge  data — Continued. 


River. 


Locality. 


Solomon 

Saline 

Saline 

Smoky  Hill , 

Blue 

Kansas 


Niles,    Kan- 
sas. 

Beverly, 
Kansas. 

Salina,  Kan- 
sas. 

Ellsworth, 
Kansas. 


Manhattan , 
Kansas. 


Lawrence, 
Kansas. 


Arkansas... 
Arkansas . . . 
Arkansas . . . 


Arkansas 


Granite,  Col- 
orado. 

Salida,  Colo- 
rado. 

Canyon,  Col- 
orado. 


Puehlo,  Col- 
orado. 


Ilefer- 

ence. 

Tear. 

1 

Eeport 

c: 

19 

343 

al897 

20 

314 

1898 

18 

212 

1896 

19 

344 

al897 

19 

346 

al897 

20 

316 

1898 

18 

215 

1896 

19 

347 

1897 

20 

315 

1898 

19 

348 

1897 

20 

319 

1898  : 

140 

151 

1891 

152 

1892 
1S93 
1894 
1895 

18 

222 

1896 

19 

350 

1897 

20 

322 

1898 

19 

354 

al897  ] 

19 

355 

al897 

14 

108 

1888 

14 

108 

1889 

14 

108 

1890 

14 

109 

1891 

14 

109 

1892 

20 

333 

1893 

20 

334 

1894 

18 

227 

1895 

18 

227 

1896 

19 

356 

1897  i 

20 

335 

1898 

13 

94 

1885 

13 

94 

1886 

13 

44 

1887 

18 

230 

1895 

18 

230 

1896 

19 

357 

1897 

20 

336 

1898 

Drain- 


area. 


Sq. miles 
6,815 
6,815 

2,730 
2,730 

3,  311 
3,311 

7,980 
7,980 
7,980 

9,490 
9,490 

59,  841 
59,  841 
59,  841 
59,  841 
59,  841 
59, 841 
59, 841 
59, 841 

425 

1,160 

3,060 
3,060 
3,060 
3,060 
3,060 
3,060 
3,060 
3,060 
3,060 
3,060 
3,060 

4,  600 
4,600 
4,600 
4,600 
4,600 
4,600 
4,600 


Maxi- 
mum. 


Sec.  ft. 
5,380 
1,175 

]6,  000 
11,  000 

4,400 
1,100 

1,713 

385 

1,000 

32, 256 

10, 774 

35, 750 


Mini- 
mum. 


21,  440 


53,  308 
58, 000 

28, 990 

2,058 

2,907 

2,760 
2,620 
3,270 
4,230 
4,750 
4,750 
4,400 
2,588 
2,876 
3,395 
3,245 


5,000 
3,438 
3,750 
5,385 


Mean. 


Sec.  ft. 
60 
35 

26 

17 

16 
6 

14 
10 
14 

210 
207 

967 

787 

787 


825 
562 

507 

114 

287 

430 
190 
180 
325 
345 
200 
245 
256 
124 
230 
160 


Sec.  ft. 
350 
162 

313 
159 

88 
83 

95 

77 
70 

1,964 
1,336 

7, 228 
7,222 
3,617 
2,326 
3,008 
6,814 
4,628 
3,831 

519 

784 

860 
433 
874 
1,012 
889 
857 
845 
837 
544 
757 
640 


Run-off. 


301 
203  , 
146  I 
31 


914 
517 
670 
614 


Sec.ft. 
0.05 
0.02 

0.11 
0.05 

0.02 
0.03 

0.01 
0.01 
0.01 

0.21 
0.14 

0.12 
0.12 
0.06 
0.04 
0.05 
0.11 
0.08 
0.06 

L22 

0.68 

0.28 
0.14 
0.28 
0.35 
0.29 
0.27 
0.28 
0.27 
0.18 
0.25 
0.21 


Inches. 
0.47 
0.29 

1.52 
0.39 

0.24 
0.33 

1.61 
0.13 
0.12 

2.82 
1.90 

2.19 
1.54 
0.79 
0.51 
0.69 
1.54 
L04 
0.87 

11.10 

6.17 

3.80 
1.92 
3.88 
4.49 
3.95 
3.80 
3.74 
3.71 
2.41 
3.33 
2.83 


Rainfall. 


0.20 
0.11 
0.14 
0.13 


Inches. 
27.56 
24.87 


2.72  ' 
1.54  ! 
1.98  1 
1.82 


28.38 
26.13 
25.41 

15.32 


11.96 
11.13 
11.45 


a  Tear  incomplete. 
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Resume  of  discharge  data — Continued. 


River. 


Arkansas.. 

Arkansas . 
Purgatory  . 

Arkansas.. 
Neosho 


Verdigris 


Brazos , 

Guadalupe. 

Pecos 

Rio  Grande 


Rio  Grande . . 


Chama. 


Locality. 


Nepesta,  Col- 
orado. 


Rockyford, 
Colorado. 

Trinidad, 
Colorado. 


Hutchinson, 
Kansas. 


lola,  Kansas. 


Liberty, 
Kansas. 


Lewis,  Texas 

New  Braun- 
fels,  Texas. 

Pecos,  Texas 

Del     Norte, 
Colorado. 


Refer- 
ence. 


4J 

o 


E  m  b  u  d  0, 
New  Mex- 
ico. 


Ab  i  quiu, 
New  Mex- 
ico. 


19 
20 

20 

19 
19 
20 

18 
19 
20 
18 
19 
20 

19 
19 
19 
20 

20 

20 

20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


358 
337 

338 

359 
359 
341 

234 
361 
343 
240 
362 
346 


360 
360 
360 
361 
361 
362 
362 
363 
363 
364 


20  364 
20  :365 
20  i365 
20  367 
20  367 
20  '367 
20  368 
20 
20 


368 
368 


19 


Year. 


1897 
1898 

1898 

1896 
1897 
1898 

1896 
1897 
1898 
1896 
1897 
1898 


370  1895 

370  1896 

371  1897 
344  1898 

354  1898 

354  1898 

354  1898 


1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 

1889 
1890 
1891 
1892 
1H93 
1895 
1896 
1897 
1898 

1897 


Drain- 


area. 


Sq.milei 


11,440 

742 
742 
742 

34,  000 

34, 000 

34,  000 

3,670 

3,670 

3,670 

3,067 
3,067 
3,067 
3,067 


Maxi- 
mum. 


Sec.  ft. 


3,832 

4,600 
2,023 
1,282 

1,138 
2,270 
2,  830 

45,  560 
4,840 

27,  875 

37,  000 
19, 900 
26, 100 
30, 690 


Mini- 
mum. 


Sec.  ft. 


34 

0 
10 
31 

16 
0 
4 
0 
0 
1 

20 
5 
2 

9 


1,400 
1,400 
1,400 
1,400 
1,400 
1,400 
1,400 
1,400 
1,400 
1,400 

7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 

2,300 


5,930 
5,650 
4,710 
3,320 
2,850 
3,804 
3,579 
5,234 
5,266 

5,660 
6,071 
8,550 
6,665 
5,105 
4,985 
2,980 
8,745 
4,700 


200 
307 
290 
243 
214 
200 
322 
214 
354 
220 

181 
260 
225 
140 
140 
420 
210 
285 
265 


Mean. 


Run-off. 


Sec.  ft.  Sec.ft  Inchent 


546  :  0.49 


184 


150 
175 
316 

1,322 
422 

1,745 


0.25 


1,022 

813 

1,255 


1,242 

1,403 

812 

714 

652 

1,  044 

884 

1,346 

1,517 

1,032 
1,467 
1,855 
1,240 

841 
1,222 

645 
1,497 
1,157 


0.01 
0.01 
0.09 
0.36 
0.11 
0.48 


Rainfall. 


Inches. 


0.68 


3.38 


0.06 
0.07 
0.12 
4.92 
1.52 
6.58 


0.33 
0.27 
0.41 


4.54 
3.57 
5.57 


0.89 
1.00 
0.58 
0.51 
0.46 
0.75 
0.63 
0.96 
1.08 

0.15 
0.21 
0.26 
0.18 
0.12 
0.17 
0.09 
0.22 
0.17 


12.06 

13.56 

7.92 

6.93 

6.29 

10.14 

8.58 

13.05 

14.66 

1.99 
2.84 
3.61 
2.40 
1.66 
2.36 
1.25 
2.97 
2.28 


20.40 
18.39 
25.10 


I       10. 28 
13.72 
9.05 


a  See  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  1890,  pp.  117, 118. 
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Resume  of  discliartje  data — Continued. 


River. 


Rio  Grande.. 


Rio  Grande 


Rio  Grande. 


Black  Fork. 

Green 

Green 


Locality. 


Rio  Grande, 
]New  Mex- 
ico. 


San  Marcial, 
New  Mex- 
ico. 

El     Paso, 
Texas  (a) 


Granger, 
Wyoming. 

Green  River, 
"Wyoming. 

Blake,  Utah. 


Grand Grand  Junc- 
tion, Colo- 
rado. 


Uncompahgre 


Gunnison 


San  Miguel. 


Dolores . 


San  Juan 


Piedra. 


Fort  Craw- 
ford, Colo- 
rado. 

Grand  Junc- 
tion, Colo- 
rado. 

Fall  Creek, 
Colorado. 

Dolores,  Col- 
orado. 


Arboles,  Col- 
orado. 

Arl)oles,  Col- 
orado. 


Refer- 
ence. 


U 

o 

Ph 


140 
18 
19 
20 


be 
Si 

Ph 


176 
254 
386 
370 


19    388 


20 

14 

14 

14 

14 

131 

131 

140 

18 

19 

20 

19 
20 

19 
20 

18 


371 

114 
114 
114 
144 
47 
47 
179 
259 
390 
372 

393 
381 

395 
380 

278 


18  278 

19  398 

20  387 


19 
20 


19 


401 
389 

404 


20    391 


19 

20 

19 
20 

20 
20 
20 
20 

19 

20 

19 
20 


405 
390 

407 
395 

393 
393 
393 
394 

410 
401 

413 
403 


Year. 


Drain- 
age 
area. 


1895 
1896 
1897 
1898 

1897 
1898 

1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 

1897 
1898 

1897 
1898 

1895 
1896 
1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1895 
1896 

1897 
1898 

1897 
1898 

1897 
1898 


Maxi- 
mum. 


Sq. miles 
11,  250 
11,  250 
11,250 
11, 250 

28, 067 
28, 067 

30,  000 
30, 000 
30,  OOO 
30,  000 
30, 000 
30,  000 
30,  000 
30, 000 
30, 000 
30, 000 

2,400 
2,400 

7,450 

7,450 

38, 200 
38, 200 
38,  200 
38.  200 

8,644 
8,644 

497 
497 

7,  935 
7,  935 

327 
327 

524  I 
524  I 
524 
524 

1,320 
1,320 

650 
670 


Sec.  ft. 


Mini- 
mum. 


Sec.  ft. 


15,340 
8,020 

21, 750 
16,  775 

4,705 

7,200 

16,  620 

10,  050 


17, 000 
9,  900 

5,375 


17, 860 
15, 120 

21,460 
28,  950 
68,  800 
35,  550 

37,  950 
17, 262 

1,407 
985 

20, 730 


997 
1,335 


1,578 
2,944 
2,030 

4,  423 
3,  255 

2,398 
1,599 


200 
230 

5 

27 

0 

40 

0 

0 


0 
0 

150 


400 
160 

610 
1,100 
1,040 
1,080 

1,280 


Mean.       Run-ofif. 


Sec.  ft. 


2,610 
1,501 

3,045 
1,335 


1,327 
2,653 
1,  285 


1,871 
922 

690 

727 

2,  676 


55 

15 

160 


52 

99 


6,372 

7,005 

10, 434 

7,621 

6,693 
3,555 

319 


243 


8 
76 
34 

182 
83 

68 
27 


306 
631 
432 

975 


605 


Rainfall. 


Sec.ft. 


0.23 
0.16 

0.11 
0.05 


0.04 
0.08 
0.04 


0.06 
0.03 

0.29 
0.30 

0.36 


0.17 
0.18 
0.27 
0.27 

0.77 
0.42 


Inches. 


Inches. 


3.00 
2.15 

1.48 
0.64 


0.60 
1.20 
0.58 


0.84 
0.42 

3.94 
4.09 

4.89 


2.25 
2.49 
3.70 
3.69 

10.56 
5.63 


0.64  I     8.71 


I 
0.  74      10.  09 


0.58 
1.20 
0.82 

0.70 


0.93 


7.90 
16.37 
11.17 

9.47 


12.66 


10.28 

13.72 

9.05 


9.09 

12.19 

7.36 


24.93 
16.27 


a  See  also  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  1890,  p.  197. 
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Besum^  of  discharge  data — Continued. 


River. 


Animas. 


San  Pedro 
Gila 


Salt. 


Salt. 


Verde 


Prosser  Creek 

LittleTruckee 

Truckee  

Truckee 

East  Carson.. 


West  Carson. 

Humboldt  ... 
Humboldt  ... 

Humboldt  ... 
Humboldt  . . . 


Locality. 


Refer- 
ence. 


D  u  r  a  n  g  o , 
Colorado. 


Dudleyville, 
Arizona. 

Buttes,  Ari- 
zona. 


Arizona 
dam,  Ari- 
zona. 


McDowell, 
Arizona. 


McDowell, 
Arizona. 


Boca,     Cali- 
fornia. 


Boca,     Cali- 
fornia. 

Boca,     Cali- 
fornia. 

Vista,  Iffe- 
vada. 


Rodenbabs, 
Nevada. 


Wood  f  o  r  d, 
California. 


Peko,   Ne- 
vada. 

Elko,  Neva- 
da. 


Battle  Moun- 
tain, Neva- 
da. 

Golconda, 
Nevada. 


o 

Pi 


19 

20 

12 

18 
18 
18 
18 
19 

13 
13 
13 

18 
19 
20 

18 
19 
20 

13 
13 

13 

13 

13 
13 
13 

14 
14 
14 
14 

14 
14 
13 

20 

18 
19 
20 

18 
19 

18 
19 
20 


be 


414 
404 

305 

290 
290 
290 
290 
416 

95 

95 
95 

298 
420 
406 

297 

423 
407 

95 
95 

95 


95 
95 
95 

116 
117 
117 
117 

118 

118 

96 

436 

301 
424 
437 

303 
420 

;i06 
427 
438 


Year. 


1897 
1898 

1890 

1889 
1890 
1895 
1896 
1897 

1888 
1889 
1890 

1895 
1897 
1898 

1895 
1897 
1898 

1889 
1890 

1890 


95   1890 


1890 
1891 
1892 

1890 
1891 
1892 
1893 

1890 
1891 
1892 

1898 

1896 
1897 
1898 

1890 
1897 

1890 
1897 
1898 


Drain- 


area. 


Sq.miUs 
812 
812 

2,  819 

13,  750 
13,  750 
13, 750 
13, 750 
13, 750 

12,  260 
12,260 
12, 260 

6,  260 
6,  200 
6,260 

6,000 
6,000 
6,000 

55 
55 

186 

887 

1,519 
1,519 
1,519 

414 
414 
414 
414 

70 
70 
70 

1,020 

2,840 
2,840 
2,840 

7,800 
7,800 

10,  780 
10,  780 
10,780 


Maxi- 
mum. 


Sec.  ft. 
5,870 
4,677 

507 

890 
6,330 


Mini- 
mum. 


Sec.  ft. 
275 
125 


90 
11 


11,793 
5,590  ! 

43, 489 

33, 794 

143, 288 

49, 796 
4,580 
1,275 

33,  000 
5,000 
1,890 


2,  867 


7,510 
3,285 


Mean. 


See.  ft. 
1,349 
851 


Run-off. 


See.  ft. 
1.06 
1.05 


Inches. 
22.61 
14.25 


842 
838 


0.06 
0.00 


319 

397 

145 

83 
137 

110 

90 

115 


2,570 
3,771 

1,409 

787 
429 

1,051 
409 
313 


400 
370 


980 


1,1^0 

210 

4,200 

375 

1,884 

377 

5,540 

290 

3,230 

382 

1,284 

42 

740 

34 

257 

1 

1,848 
2,390 

10 

• 

5 

505 

1 

3,001 

11 

3,131 

5 

1,014 

14 

3,  100 

5 

485 

1 

970 
019 
010 
843 

200 

128 


276 

449 
130 

584 

718 

226 
049 
130 


0.21 
0.31 

0.22 
0.13 
0.07 

0.18 
0.00 
0.05 


0.03 


0.84 
0.08 


2.86 
4.14 

3.05 


0.92 
2.36 


0.70 


Rainfall. 


Inches. 
24.93 
16.27 


8.69 


2.34 
1.50 
1.47 
2.04 

2.95 
1.83 


0.10 
0.15 
0.05 

0.07 
0.09 

0.02 
0.00 
0.01 


31.89 
20.  31 
20.07 
27.71 

40.08 
24.89 


1.29 
2.10 
0.62 

0.64 
1.24 

0.28 
0.81 
0.16 


I 
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Resume  of  discharge  data — Coutiuiied. 


Refer- 

ence. 

Kiver. 

Locality. 

Year. 

Drain- 
age 
area. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

liun-off. 

Hainfall. 

O 
p. 

• 

9h 

Sq. miles 

Sec.  ft. 

Sec.  ft. 

Sec.  ft. 

Sec.ft. 

Inches. 

Inches. 

Humboldt . . . 
Kock  Creek.. 

Oreana,  Ne- 
vada. 

Battle  Moun- 
tain, Neva- 
da. 

18 
19 
20 

18 

308 
428 
439 

310 

1896 
1897 
1898 

1896 

13,  800 
13,  800 
13, 800 

750 

214 
641 

0.01 
0.04 

0.17 
0.63 

3,047 

26 

1,102 

9 

208 

0.28 

1.55 

South  Hum- 
boldt. 

Mason's 
ranch, 
Nevada. 

19 
19 

430 
430 

1896 

1897 

1,150 

1,150 

1,327 

2 

224 

0.19 

2.66 

Bear 

4 

Battle  Creek, 
Idaho. 

20 

14 
14 
14 
14 
14 
131 
140 
18 

440 

119 
119 
119 
119 
119 
55 
227 
315 

1898 

1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 

1,150 

4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
4,500 

473 

0.1 

114 

0.10 

L34 

5,980 
3,030 
5,260 
3,960 

270 
090 
600 
690 

1,751 
1,224 
1,537 
1,452 

0.42 
0.27 
0.34 
0.32 

5.27 
3.70 
4.64 
4.38 

3,637 
5,205 

612 
580 

1,207 
1.397 

0.27 
0.31 

3.63 
4.25 

14.09 

19 

432 

1897 

4,500 

6,100 

780 

1,707 

0.38 

5.16 

10.84 

20 

459 

1898 

4,500 

3,483 

535 

1,174 

0.26 

3.54 

11,73 

Bear 

Soda  Springs, 
Idaho. 

18 

313 

1896 

3,940 

Logan  

Logan,  Utah . 

18 

318 

1896 

218 

1,860 

193 

465 

2.15 

17.20 

19 

434 

1897 

218 

1,823 

150 

400 

1.83 

25.02 

Bear 

Collins  ton, 
Utah. 

20 

14 
14 
14 

462 

120 
120 
120 

1898 

1889 
1800 
1891 

218 

6,000 
6,000 
6,000 

778 

108 

268 

1.23 

16.68 

8,220 
5,000 

1,000 
825 

2,945 
1,847 

0.49 
0.31 

6.68 
4.19 

14 

120 

1892 

6,  000 

6,260 

1,000 

2,097 

0.35 

4.76 

14 
131 
140 

18 

120 

57 

229 

320 

1893 
1894 
1895 
1896 

6,000 
6,000 
6,000 
6,000 

6,470 

675 

1,938 

0.32 

4.40 

4,990 
7,415 

540 
1,100 

1,842 

2,187 

0.31 
0.36 

4.16 
4.92 

13.06 

19 

435 

1897 

6,000 

10, 590 

990 

2,863 

0.48 

6.46 

15.20 

20 

460 

1898 

6,000 

.5,315 

718 

1,973 

0.33 

4.44 

12.14 

Ogden  

Ogden,  Utah. 

13 

96 

1889 

360 

40 

13 

96 

1890 

360 

2,178 

195 

663 

1.84 

24.97 

140 
18 
1* 

230 
322 
439 

1895 

1896 

al897 

360 
360 
360 

13.95 
16.24 

2,433 

30 

193 

0.88 

6.44 

20 

465 

1898 

360 

517 

30 

91 

0.25 

3.43 

13.68 

Ogden 

Weber 

Eden,  Utah.. 
Uinta,  Utah . 

18 
]4 

322 
122 

1896 
1889 

360 
1,600 

14 
14 

122 
1?3 

1890 
1891 

1,600 
1,600 

5,465 
4,655 

200 
240 

1,070 
880 

0.67 
0.55 

9.09 
7.49 

14 

1^3 

1892 

1,600 

5.755 

100 

907 

0.57 

7.71 

14 
131 

123 
58 

1893 
1894 

1,600 
1,600 

a  Tear  incomplete. 


NEWELL.] 


DISCHARGES    OF    RIVERS. 


61 


Besame  of  discharge  data — Continued. 


River. 


Weber. 


American 
Fork. 

Provo 


Spanish  Fork 


Sevier 
Sevier 


Henry  Fork 

Falls 

Teton 

Snake  


Snake 


Portneuf  . . . 


Locality. 


Uinta,  Utah . 


American 
Fork, 
Utah. 

Provo,  Utah. 


Refer- 
ence. 


S  p  a  n  i  s  h 
Fork, 
Utah. 

Joseph,  Utah 

Leamington, 
Utah. 


Near  mouth, 
Idaho. 


u 
c 
p. 
© 

0^ 


140 
18 
19 
20 

13 
13 

14 

14 
14 
14 
14 
131 
140 
18 
19 
20 

13 
13 

12 

14 
14 
14 
14 
14 

13 
13 


Near  mouth,  \  13 
Idaho.  ..„ 


W 11  f  o  r  d  , 
Idaho. 


Idaho  Falls, 
Idado. 


Montgom- 
ery Ferry, 
Idaho. 


Pocatello, 
Idaho. 


13 

13 

13 

131 

131 


18 
19 
20 


14 
14 
14 
14  128 


233 
325 
440 
466 

96 
96 

123 

124 
124 
124 
124 
60 
235 
327 
442 
468 

97 

97 

342 

126 
126 
126 
126 
126 

97 
97 

97 
97 

127 
128 
128 


18  336 


97 
97 
97 
65 
65 


336 
447 
474 


20  475 

20  1475 


Tear. 


1895 
1896 
1897 
1898 

1889 
1890 

ca889 
1890 
1891 
1892 
1893 

«1894 
1895 
1896 
1897 
1898 

al889 
1890 

a 

rtl889 
1890 
1891 
1892 
1893 

1890 
al891 

al890 
1891 

1890 
1891 
1892 
1893 

1889 
1890 
1892 
1893 
1894 

1895 
1896 
1897 
1898 

1897 
1898 


Drain- 
-  age 
area. 


Sg.mile.s 
1,600 
1,600 
1,600 
1,600 

66 
66 

640 
640 
640 
640 
640 
640 
640 
640 
640 
640 

670 
670 


5,595 
5,595 
5,595 
5,595 
5,595 

931 
931 

594 
594 

967 
967 
967 
967 

10, 100 
10, 100 
10,  100 
10,  100 
10, 100 

22, 600 
22,  600 
22, 600 
22. 600 


Maxi- 
mum. 


Sec.  ft. 
2,400 
7,980 
5,342 
2,  118 


885 


2,260 
1,704 
1,780 
2,  340 


1,700 
4,150 
2,600 
1,212 


1,040 


2.329 
1,386 
1,222 
1,304 

7,710 

3,180 

4,440 
2,790 

4,445 
2,360 
5,  270 


Mini- 
mum. 


Sec.  ft. 

90 
155 
160 

65 

6 
6 


Mean. 


Run-off. 


Sec.  ft 

534 

1,044 

856 

532 


200 
200 
174 
240 


146 


572 
503 
469 
530 


192 
292 
225 
146 


50 


150 

140 

48 

35 

1,120 
1,280 

480 
450 

450 
425 
450 


50,  450 
54, 300 


2,000 
2,250 


47,480 
26,  360 


4,800 
4,350 


336 


14 


423 
544 
571 
386 


172 


625 
"535 
401 
379 

1,719 


773 

1,021 

696 

1,084 


10,  365 
10,  025 


10,  064 


See.ft. 
0.33 
0.67 
0.54 
0.33 


2.21 


0.89 
0.79 
0.73 
0.83 


0.66 
0.85 
0.89 
0.60 


0.25 


0.11 
0.10 
0.07 
0.07 

1.85 


1.31 

L05 
0.72 
1.12 


1.05 
1.00 


0.44 


Inches, 

4.77 
9.08 
7.28 
4.52 


30.02 


12.13 

10.71 

9.96 

11.  25 


9.07 
11.53 
12.12 

8.19 


3.50 


Rainfall. 


Inches. 


1.49 
1.20 
0.97 
0.92 

25.16 


17.75 

14.41 

9.75 

15.26 


14.47 
13.50 


6.02 


17.55 
21.44 


17.82 
19.40 
14.96 


17.67 
15.24 

10.72 


a  Tear  incomplete. 
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R6sume  of  discharge  data — Continued. 


River. 


Malade 


Little  "Wood 


Bruneau . 


Owyhee 


M&lheur 


Boise 


Payette . 


"Weiser 


Yakima... 
Takima  . . 

ISTaclies  ... 
Yakima  .. 

Palouse... 

Blackfoot . 
Bitterroot 


Locality. 


T  o  p  o  11  i  s  , 
Idaho. 


T  o  p  o  11  i  8  , 
Idaho. 


Grandview, 
Idaho. 


Nyssa,   Ore- 
gon. 


Yale,  Oregon 


Boise,  Idaho. 


Payette, 
Idaho. 


W  e  i  8  e  r 
Idaho. 


Selah,  Wash- 
ington. 

Union  Gap, 
Washing- 
ton. 


North  Yaki- 
ma, Wash- 
ington. 

Kiona,  Wash- 
ington. 


H  coper, 
W  a  8  hill  g- 
ton. 

B  o  n  n  e  r  , 
Montana. 

Missoula, 
Montana. 


Refer- 
ence. 


4J 

u 

o 

ft 
<v 


19 

20 

19 
20 

18 
19 
20 

14 
14 
14 
14 
131 
18 
18 

13 
13 
18 
18 

18 
18 
19 
20 

18 
18 
19 

13 
13 
18 
18 
19 
20 

19 

19 
19 

20 

20 

19 
19 

20 

19 

20 

20 
20 


OS 


449 

477 

449 


340 
450 
482 

131 
131 
131 
131 
66 
347 
347 

98 

98 

349 

349 

343 
343 
454 
483 

352 

352 
455 

98 

98 

354 

354 

457 
488 

478 

480 
480 
500 

503 

485 
485 
502 

458 
489 

491 
495 


Year. 


1897 
1898 

1897 
1898 

1896 
1897 
1898 

1890 
1891 
1892 
1893 
1894 
1895 
1896 

1890 
1891 
1895 
1896 

1895 
1896 
1897 
1898 

1895 
1896 
1897 

1890 
1891 
1895 
1896 
1897 
1898 

1897 

1896 
1897 
1898 

1898 

1896 

1897 
1898 

1897 
1898 

1898 
1898 


Drain- 
age 
area. 


Sq. miles 
2,190 


190 

270 

270 

800 
800 
800 

875 
875 
875 
875 
875 
875 
875 

900 
900 
900 
900 

450 
450 
450 
450 

565 
565 
565 

670 
670 
670 
670 
670 
670 

960 

300 
300 
300 

000 


230 
230 
230 

210 
210 

465 
260 


Maxi- 
mum. 


Sec.  ft. 
2,360 
1,590 

481 


3,630 
3,840 
1,040 


10, 000 
18,  000 


6,760 
14,  905 


2,490 


7,095 
40, 130 
28, 572 

8,245 


25,  570 

11,220 

9,300 

6,125 

17,  940 

17, 175 

3,875 

19,  811 

45,  550 
27, 550 
22, 246 

7,480 


30, 000 
25,  266 
21,  786 


7,070 


7,930 


Mini- 
mum. 


See.  ft. 
0 
2 


40 
30 
15 


200 
320 


32 


620 
620 

570 
550 


2,080 

140 

190 

40 

165 

80 

10 

644 

840 
705 
685 

225 


643 
612 


20 


875 


Mean. 


Sec.  ft. 
307 


84 


405 
513 
229 


1,332 
3,  268 


866 


268 


2,082 
4,189 
3,  957 
2,134 


11, 157 


782 
1,877 
1,133 

673 

3,052 


5,058 
4,538 

1,845 


5,361 
4, 828 


850 


Run- off. 


Rainfall. 


Sec.ft. 
0.21 


0.06 


0.47 
0.29 
0.13 


0.14 
0.33 


0.09 


0.03 


0.85 
1.78 
1.62 
0.87 


3.60 


0.47 
1.13 
1.34 
0.40 

1.56 


1.53 
1.37 

1.85 


1.03 
0.93 


0.39 


Inches. 


3.05 
3.88 
L74 


1.83 
4.51 


1.19 


0.36 


11.56 
24. 16 
17.17 
11.85 


6.35 
15.29 
13.63 

5.49 

10.21 


20.76 
18.56 

24.89 


13.90 
12.45 


5.12 


Inches. 


29.38 
20.53 
16.53 


22.59 
17.09 


NEWELL.] 


DISCHARGES    OF    RIVERS. 


63 


Resume  of  discharge  data — Continued. 


River. 


Missoula  . . 
Wenache  . . 

Wallawalla . 

Spokane 


Umatilla. 


Deschutes . . . 


Hood 


Cedar. 


Dungeness  .. 

Elwha 

Calowa 

Solduck 

Sacramento.. 

Stanislaus . . . 

Tuolumne  . . . 

San  Joaquin . 


Kings 


Locality. 


Missor.la, 
Montana. 

"Wenaclie 
Washing 
ton. 

Wh  itman 
"Washing 
ton. 

Spokane 
Washing 
ton. 


Gibbon,  Ore- 
gon. 


Moro,  Ore- 
gon. 

Tucker,  Ore- 
gon. 

Seattle, 
Washing- 
ton. 


S  e  g  u  i  n  , 
AYashing- 
ton. 

McDonald, 
Washing- 
ton. 

JF  o  r  k  s  , 
Washing- 
ton. 

Quillayu  t  e, 
Washing- 
ton. 

Jelly  s  Ferry, 
California. 


O  a  k  d  a  1  e , 
California. 


Lagr  a  n  g  e , 
California. 


He  r  n  (1  o  n  , 
California. 


Red  Moun- 
tain, Cali- 
fornia. 


Refer- 
ence. 


o 


20 
19 

19 
20 

19 
19 
20 

19 
19 


'OB 
P4 


491 

489 

492 
512 

488 
488 
511 

494 
494 


20  !515 


19 
20 


498 
516 


19  j498 

20  516 


19 


18 
19 
20 


502 


19 

502 

19 

502 

20 

517 

19 

505 

20 

518 

19 

508 

20 

• 

521 

20 

522 

20 

522 

20 

523 

20 

523 

369 

509 
527 


18  374 

19  |511 

20  |530 

18  383 


19 

513 

20 

532 

140 

291 

18 

389 

19 

515 

20 

529 

18 

393 

19 

519 

20 

535 

Year. 


1898 
1897 

1897 
1898 

1896 
1897 
1898 

1896 
1897 
1898 

1897 
1898 

1897 
1898 

1895 
1896 
1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1897 
1898 

1896 
1897 
1898 

1896 
1897 
1898 

1896 
1897 
1898 

1895 
1896 
1897 
1898 

1896 
1897 
1898 


Drain- 
age 
area. 


Sq. miles 
5,960 

1,527 

310 
310 

4,005 
4,005 
4,005 

353 
353 
353 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Sec. ft.  Sec.  ft. 


7,  300 


1,620 


Run-off, 


Sec.  ft.  Sec.ft 


1,285 


32,  875 
27,510 


350 
350 

143 
143 
143 
143 

145 
145 

188 
188 

213 
213 

272 
272 

9,134 
9,134 
9,134 

1,051 
1,051 
1,051 

1,501 
1,501 
1,501 

1,637 
1,637 
1,637 
1,637 

1,775 
1,775 
1.775 


4,217 
3,730 


1,972 
2,436 


75 

74 


9.344 
9,455 


612 
440 


4,695 
3,601 
3,318 


1,177 

7,075 
3,310 

19, 040 
8,976 

12,  262 
5,398 

130, 050 
89,  100 
33, 600 

13, 050 

10,  580 
3,920 

11,  798 
14, 700 

7,800 

19,  960 

18, 800 

18, 600 

5,846 

22, 100 

22,  732 

7,820 


150 
294 

71 


150 

170 
330 


40 


200 

6,000 
4,600 
4,250 

150 
140 

27 

75 

28 


260 
80 
60 

220 

310 
250 
145 


1,047 
1,089 


286 


1,444 


1,006 


1,298 

18, 109 

12, 480 

6,349 

1,935 

1,835 

466 

2,342 
3,364 
1,182 

3,791 
2,756 
3,105 
1,190 

2,582 
2,933 
1,116 


0.84 


2.33 
2.06 


1.74 
1.25 


Inches^ 


Rainfall. 


Inches. 


2.86 


31.68 
31.98 


23.46 
16.74 


7.32 
7.61 


1.97 


7.68 


4.72 


4.77 

1.98 
1.36 
0.70 

1.85 

1.74 
0.44 

1.56 
2.24 
0.79 

2.34 
1.69 
1.90 
0.73 

1.48 
1.65 
0.63 


99.49 
103.  22 


26.73 


103. 89 


63.25 


64.27 

27.08 

18.26 

9.38 

25.05 

23.  55 

6.00 

21.  21 
30.26 
10.54 

31.09 

22.96 

25.75 

9.84 

20. 1 1 

22.47 

8.53 


21.67 
16.34 


46.87 
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lies  time  of  discharge  data — Contiuued. 


River. 

Locality. 

Refer- 
ence. 

Tear. 

Drain- 
age 
area. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Run-off. 

Rainfall. 

u 
o 
Pi 
© 

19 
19 

19 
19 
20 

18 
19 
20 

19 
20 

19 
19 

20 

19 
19 

© 
bJD 
03 

(^ 

522 
522 

524 
524 
538 

405 

527 
540 

529 
551 

570 
570 
554 

532 
533 

Kings 

Kern 

Little    Rock 
Creek. 

SanGrabriel.. 
Santa  Ana... 

San  Luis  Rey 

Kingsbnrg, 
California. 

Bakersfield, 
California. 

Palm  dale, 
California. 

Azusa,  Cali- 
fornia. 

VV    a   r  ra  - 
springs, 
California. 

Esco  n  d  i  d  o 
flume,  Cal- 
ifornia. 

1896 
1897 

1896 
1897 
1898 

1896 
1897 
1898 

1897 
1898 

1896 
1897 
1898 

1897 
1898 

Sq. miles 
1,742 
1,742 

2,345 
2,345 
2,  345. 

78 
78 
78 

222 

222 

188 
188 
188 

229 
229 

Sec.  ft. 
20, 147 
18,  900 

3,611 
5,342 
1,342 

11.5 

308 
20 

1,765 
68 

170 
580 
149 

300 

Sec.  ft. 
385 
208 

223 

260 

80 

0.2 
0.2 
1.9 

0 
0 

30 

22 
18 

1 

1 

Sec.ft. 

Sec.ft. 

Inches. 

Inches. 

2,115 

854 

1,234 

348 

9.6 
25 

1.21 

0.36 
0.53 
0.15 

0.12 
0.32 

16.50 

4.95 

7.12 
2.01 

1.66 
4.31 

104 

22 

0.46 
0.10 

6.26 
1.34 

76 

0.40 

5.39 

XORTHERIS^  ATI.AKTIC  COAST  DRAINAGE. 

Under  this  heading  have  been  included  data  concerning  the  rivers 
entering  the  Atlantic  Ocean  from  Maine  to  Virginia,  inclusive,  an  arbi- 
trary line  being  drawn  between  the  James  River  and  the  Roanoke  River, 
the  latter  being  included  under  Southern  Atlantic  Coast  Drainage. 

A  study  of  the  rivers  of  N^ew  England  was  begun  by  Prof.  Dwight 
Porter,  the  results  for  Maine  being  printed  in  the  Nineteenth  Annual 
Report,  Part  lY,  while  those  for  the  remainder  of  New  England,  not 
being  yet  complete,  are  held  for  subsequent  publication.  Data  of  dis- 
charge of  the  Kennebec  and  Androscoggin  rivers,  supplementing  those 
previously  published,  have  been  obtained  and  are  given  below;  also 
additional  facts  concerning  the  Merrimac,  Connecticut,  and  Hudson 
rivers,  these  being  obtained  mainly  from  resident  engineers  or  water- 
power  companies. 

KENNEBEC  RIVER. 

Figures  of  the  daily  discharge  of  Kennebec  River  at  Waterville, 
Maine,  furnished  by  Mr.  Sumner  Hollingsworth,  have  been  printed  in 
Water-Supply  Paper  No.  27,  on  pages  11  to  14,  relating  to  the  years  1892 
to  1898.  The  fluctuations  of  the  stream  are  graphically  shown  on  fig.  7. 
An  analysis  of  the  discharge  is  given  in  tabular  form  on  page  75  of  the 
Nineteenth  Annual  Report, Part  IV.  The  following  table  is  a  continua- 
tion of  that  on  page  78  of  the  volume  mentioned..  The  figures  up  to 
and  including  July  have  been  revised  by  Mr.  Hollingsworth.  Since 
his  death,  which  occurred  on  June  27,  1899,  additional  figures  have 
been  obtained  from  Mr.  James  L.  Dean,  engineer  of  the  Hollingsworth 
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&  Whitney  Company.     These,  however,  have  not  been  revised,  and 
may  be  subject  to  correction. 

Monthly  discharge  of  Kennebec  River  at  JVaterviUe,  Maine,  for  the  year  1898. 

[Drainage  area,  4,410  square  miles.] 


Month. 


1898. 

January  

February  

IVIarch 

April  

May 

June 

July 

>  August 

September 

October 

November 

December 

The  year . . 


Discharge  in  second-feet. 


Maxi- 
mum. 


5,434 

4,387 

27,  432 

52, 119 

39,  372 

14,  3  H 

5,464 

4,188 

5,443 

15, 319 

10,  037 

3,752 


Mini- 
mum. 


52, 119 


1,738 
2,133 
2,997 
6,563 
14,  611 
4,326 
1,  745 

609 
1,437 

961 
2,758 
1,723 


Mean. 


3,213 

3,402 

11,  287 

29,  833 

25, 120 

9,983 

3,  908 

2,797 

2,618 

3,689 

5, 145 

2,i94 


Total  in  acre- 
feet. 


609 


8,607 


197,  559 
188,  938 
694,  010 
1,  715,  682 
1,  544,  568 
594,  030 
240,  294 
171,  980 
155,  782 
226,  827 
306, 149 
141,  052 


Run-otf. 


Depth  in 
inches. 


Second- 
feet  per 
square 
mile. 


0.84 
0.80 
2.95 
7.54 
5.61 
2.52 
1.02 
0.74 
0.65 
0.97 
1.31 
0.60 


6,176,871  I     25.55 


0.73 
0.77 
2.56 
6.76 
5.70 
2.26 
0.89 
0.64 
0.59 
0.84 
1.17 
0.52 


1.95 


See.-ft. 
80,  000 

70,  000 
60, 000 
50,  000 
40, 000 
30, 000 
20, 000 
10, 000 

0 
80, 000 
70,  000 
60,  000 
50, 000 
40,  000 
30,  000 
20,  000 
10,  000 

0 
80, 000 
70,  000 
60, 000 
50, 000 
40, 000 
30, 000 
20,  000 
10, 000 

0 


Fig.  7.— Dischar^ro  of  Kennebec  lliver  at  "Waterville,  Maine,  1893-98. 
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ANDROSCOdGIN  RIVER. 

Androscoggin  River  lias  been  described  by  Prof.  Dwight  Porter  in 
the  Nineteenth  Annual  Eeport,  Part  lY,  on  pages  84  to  97.  The  water 
power  at  Rumford  Falls  has  also  been  discussed  and  a  general  descrip- 
tion given  of  the  canal  system  for  utilizing  the  fall  of  the  water.  The 
following  small  diagram  (fig.  8)  shows  the  relative  location  of  the  ujiper 
dams  and  canals,  and  the  accompanying  illustrations  (PL  II,  A,  B) 
afford  a  general  conception  of  the  topograj^hic  condition. 

Plate  II,  J.,  is  a  view  looking  down  the  river  from  a  point  located 
near  the  upper  left-hand  corner  of  the  small  map  (fig.  8).  The  straight 
line  in  the  water  at  the  left  side  is  the  crest  of  the  middle  dam,  a  view 
of  which,  taken  from  the  opposite  direction,  is  shown  in  the  Nineteenth 
Annual  Report,  PI.  XY,  A.  At  the  right  are  the  head  gates  and  wall, 
and  beyond  these  the  middle  canal.     This  has  a  head  of  50  feet  and  dis- 


MIDOte  CANAL    £1.500 
tow    CANAL   El. 4-50 


JFiG.  8. — Relative  location  of  dams  and  canals  at  Rumford  Falls,  Maine. 

charges  into  a  low-line  canal,  as  shown  by  the  small  map.  PL  II,  -B,  is 
a  view  of  the  upper  dam.  This  is  100  feet  above  the  middle  dam.  It 
is  a  log  structure,  built  primarily  to  provide  boomage  for  logs  and  to 
prevent  trouble  from  anchor  ice.  A  timber  sluiceway  (shown  at  the 
extreme  right  of  PL  II,  A)  has  been  constructed  from  the  point  above 
this  dam  down  the  right  bank  to  the  middle-level  canal,  for  the  purpose 
of  sluicing  down  logs  for  the  mills.  The  high-level  canal  has  not  yet 
been  built,  and  no  water  power  is  used  in  connection  with  the  upj^er  dam. 
The  flow  of  the  river  at  Rumford  Falls  from  May,  1892,  to  April  31, 
1895,  is  graphically  exhibited  by  diagrams  (figs.  16  and  17)  in  the  Mne- 
teentli  Annual  Report,  Part  lY,  images  94  and  95.  Figures  of  daily 
discharge  for  the  years  1892  to  1895,  obtained  from  Mr.  Charles  A. 
Mixer,  resident  engineer  of  the  Rumford  Falls  Power  Company,  have 
been  given  on  pages  14  to  16  of  Water-Supply  Paper  ^o.  27,  and  later 
figures  for  the  years  1896  to  1898  are  given  below.  The  accompanying 
diagram  (fig.  9)  shows  all  the  fluctuations  in  quantity  of  water  from 
1893  to  1898,  as  given  in  detail  in  these  tables. 
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TWENTIETH  ANNUAL  REPORT       PART  IV       PL.    II 


A.    RUMFORD    FALLS,    MAINE.      LOOKING    DOWNSTREAM   TOWARD    MIDDLE   CANAL. 


B.   UPPER   DAM    AT   RUMFORD    FALLS,    MAINE, 
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8ec.-£t, 
55,  000 
50, 000 
45,  000 
40,  000 
35,  000 
30, 000 
25,  000 
20,  000 
15,  000 
10,  000 
5,000 


/iK>3 


^  '■■■IT'  ^^f^' "  fwimr^'^wfmf 


/Si<4 


'inPiMVf  IWffI  ll^'IPlPi 


Fig.  9.— Discharge  of  Androscoggin  River  at  Runiford  Falls,  Maine,  1893-98. 

Daily  discharge  of  Androscoggin  liiver  at  Bumford  Falls,  Maine. 

[Cubic  feet  per  second.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Maj^ 

June. 

July. 

Aug. 

Sept. 

Oct. 

;nov. 

Dec. 

1896. 

1 

21,  540 

1,650 

10,  630 

3,660 

12, 140 

4,530 

1,820 

1,820 

1,620 

1,950 

1,970 

3,240 

2 

5,470 

1,850 

39, 010 

4,050 

11,440 

4,000 

1,840 

1,690 

1,470 

1,910 

2,110 

1,850 

3 

5,220 

1,690 

16,  680 

4,300 

11,380 

2,300 

1,840 

1,970 

1,390 

1,910 

2,040 

1,700 

4 

3,460 

1,040 

6,510 

3,720 

11,540 

2,  270 

1,  740 

1,680 

1,480 

2,230 

1,970 

1,710 

5 

2,110 

1,620 

4,580 

3,390 

11,  070 

3,080 

1,680 

1,630 

1,490 

1,890 

2,140 

2,310 

6 

2,020 

1,810 

4,120 

3,370 

12,180 

3,110 

1,500 

1,970 

1,570 

1,740 

8,100 

3,040 

7 

2,100 

1,840 

4,440 

3,280 

11,460 

3,530 

2,310 

2,100 

4,760 

1,610 

6,480 

2,470 

8 

2,320 

1,860 

4,430 

3,  350 

10, 340 

3,570 

2,080 

2,310 

2,830 

1,540 

4,830 

2,220 

9 

2,310 

1,770 

4,030 

3,180 

10, 200 

4,500 

2,490 

1,970 

2,170 

1,460 

3,610 

2,210 

10 

2,310 

1,530 

3,340 

3,  420 

10,  020 

5,760 

2,390 

1,980 

1,520 

1,530 

3,250 

2,340 

11 

2,320 

1,560 

3,230 

3,900 

10, 000 

5,230 

2,140 

1,760 

2,000 

1,700 

3,040 

2,060 

12 

2,240 

1,620 

3,070 

4,800 

10,  860 

4,710 

1,  810 

1,600 

1,930 

1,590 

3,320 

1,910 

13 

2,190 

1,720 

3,  000 

6,770 

9,490 

4,020 

1,800 

1,620 

1,  830 

1,590 

3,720 

1,930 

14 

2,230 

1,560 

2,780 

12,  310 

8,310 

3,980 

1,960 

1,060 

1,750 

1,600 

3,320 

2,  210 

15 

2,160 

1,730 

2,810 

14,880 

7,690 

3,  620 

1,770 

1,710 

1,640 

1,590 

2,740 

1,630 

16 

2,030 

1,880 

2,  600 

23, 180 

7,110 

3,  260 

1,940 

2,  240 

1,420 

1,730 

2,690 

1,  620 

17 

2,040 

1,840 

2,630 

27, 390 

5,910 

3, 190 

1,960 

2,230 

1,560 

1,660 

2,490 

1,130 
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Daily  discharge  of  Androscoggin  River  at  Bumford  Falls,  Maine — Continued. 

[Cubic  feet  per  second.] 


Day. 


1896. 
18-... 
19.... 
20..., 
21.... 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28.... 
29-... 
30-... 
31.... 


Mean. 

1897. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Mean 


Jan. 


2,090 
2,180 
2,190 
2,180 
1,860 
1,930 
1,840 
1,790 
1,540 
1,750 
1,830 
1,680 
1,600 
1,870 


3,303 


2,062 
1,851 
1,812 
1,820 
2,257 
4,623 
2,729 
2,022 
1,753 
1,612 
1,814 
1,787 
1,589 
1,574 
1,644 
1,680 
1,706 
1,661 
1,742 
1,320 
1,552 
1,545 
1,680 
1,709 
3,567 
1,400 
J,  459 
1,  662 
1,476 
1,541 
1,812 


Feb. 


1,920 
1,910 
1,920 
1,800 
1,940 
1,730 
1,440 
1,650 
1,620 
1,600 
1,680 
1,810 


Mar. 


1,  731 


1,787 
1,806 
1,766 
1,793 
1,636 
1,653 
1,623 
1,911 
2,228 
2,016 
1,817 
1,635 
1,679 
1,799 
1,644 
1,755 
1,790 
1,694 
1,777 
1,597 
1,055 
1,150 
1,571 
1,604 
1,738 
1,680 
1,  516 
1,501 


1,  821     1,  686 


2,310 

2,310 
2,780 
5,570 
4,680 
4,050 
3,690 
3,270 
3.220 
3,540 
3,830 
4,430 
3,610 
3,560 


Apr. 


5,443 


1,816 
1,645 
1,618 
1,554 
1,694 
1,661 
1,652 
1,637 
1,660 
1,673 
1,707 
1,748 
1,814 
1,917 
1,570 
1,688 
1,568 
1,587 
1,732 
1,829 
1,712 
1,688 
2,102 
2,  516 
2,  387 
2,253 
2,061 
1,883 
1,791 
1,938 
1,995 


25, 020 
23,  660 
24, 550 
25,  340 
22,  450 
19,  550 
18, 090 
16,  240 
15, 500 
14, 360 
13, 720 
13, 170 
12,  750 


12, 444 


2,043 
2,290 
2,871 
2,634 
1,914 
2,377 
4,639 
5,573 
4,580 
3,768 
3,891 
3,633 
4,199 
4,737 
5,181 
8,221 

11,4.35 
9,  546 
9,746 

10, 736 
7,802 
6,415 
8,230 

11,  880 

16,  082 
18, 986 

17,  272 
15, 440 
15,912 
15, 359 


1,810 


7,913 


May. 


5,470 
5,220 
4,860 
4,760 
4,550 
4,080 
3,970 
3,680 
3,940 
3,870 
4,370 
4,310 
4,610 
4,660 


7,532 


16, 440 
15,312 
17,  981 
19, 266 
14, 649 
12,818 
11,576 
10,  739 

10,  104 
11,178 

11,  528 
10, 359 
11,447 
19, 220 
15,333 
11,  690 
10,  709 
10, 469 

9,565 

9,230 

8,771 

8,  338 

6,724 

7,338 

7,526 

9,732 

8,895 

12, 432 

11, 383 

10, 095 

9,397 


June. 


2,700 
2,650 
2,530 
2,040 
2,220 
2,530 
2,250 
2,100 
1,850 
1,990 
2,  130 
1,630 
1,770 


3,102 


July. 


1,980 
2.050 
1,890 
2,300 
2,760 
2,190 
2,080 
2,190 
1,680 
2,100 
1,940 
2,040 
2,030 
1,750 


2,002 


8,023 
7,641 
6,787 
7,235 
7,952 
8,200 
7,379 
7,331 
6,687 
10,  523 
14, 764 
10,  817 
8,982 
10,  500 
10, 118 
8.414 
7,763 
7,068 
6,303 
5,841 
5,839 
4,917 
4,098 
3,634 
4,345 
4,469 
3,493 
3,405 
3,420 
4,007 


11,  614 


6,998 


5,943 
4,956 
3,941 
3,231 
3,271 
3,282 
3,304 
3,483 
3,197 
3,260 
3,011 
2,727 
5,660 
17,  505 
22, 906 
12, 781 
10,015 
8,800 
8,121 
7,380 
6,786 
6,709 
7,657 
6,982 
7,030 
6,721 
5.327 
4,242 
4,016 
5,  560 
6,940 


6,605 


Aug. 


Sept. 


2,450 
2,270 
2,050 
2,260 
1,900 
2,300 
2,190 
1,960 
1,680 
1,660 
1,690 
1,870 
1,600 
1,570 


5,726 
4,829 
4,428 
3,423 
3,013 
2,798 
2,289 
2,086 
2,  240 
2,271 
2,061 
1,993 
1,924 
1,669 
1,385 
2,390 
3,672 
2,828 
2,255 
2,103 
1,994 
1,420 
1,452 
1,619 
1,051 
1,852 
1,755 
1,472 
1,368 
1,  400 
1,342 


1,730 
1,740 
1,820 
2,450 
2,390 
2,360 
2,130 
2,180 
1,960 
1,830 
1,810 
1,440 
1,500 


1,718     1,926 


2,345 


1,291 
1,  383 
1,217 
1,  234 
1,143 
1,249 
1,298 
1,146 
1,355 
1,  375 
1,765 
1,873 
1,596 
1,695 
1,691 
1,543 
1,649 
1,764 
1,395 
1,448 
1,867 
1,961 
1,776 
1,768 
1,833 
2,001 
1,997 
1,941 
1,891 
1,605 


1,592 


Oct. 


1,380 
1,810 
2,180 
2,100 
5,710 
3,720 
3,160 
3,280 
2,450 
2,260 
2,060 
1,960 
1,900 
2,030 


2,070 


1,596 

1,455 

1,800 

1,435 

1,328 

1,413 

1,359 

1,441 

1,297 

1,360 

1,414 

1,360 

3,757 

2,363 

1,894 

1,606 

1,610 

1,873 

1,480 

1,619 

1,683 

1,491 

1,544 

1,664 

1,409 

1,504 

1,  506 

1,506 

1,489 

1,330 

1,190 


1,606 


Nov. 


2,460 
2,300 
2,370 
1,690 
1,990 
1,750 
2,280 
2,390 
2,360 
2,380 
2,820 
5,670 
3,580 


3,062 


1,085 

1,443 

5,686 

3,617 

2,450 

1,780 

1,506 

1,776 

1,820 

2,410 

2,353 

2,090 

1,992 

1,663 

1,653 

1,610 

2,620 

2,717 

2,607 

1,259 

1,223 

1,665 

1,373 

1,218 

1,245 

1,573 

5,295 

5,149 

3,039 

2,  545 


Dec. 


1,680 
1,820 
1,940 
2,190 
2,150 
2,080 
1,920 
2,040 
1,950 
1,640 
1,580 
1,650 
1,990 
2,030 


2,008 


2,180 

1,846 

1,921 

1,877 

2,609 

3,450 

2,784 

2,368 

2,350 

2,357 

2,232 

2,905 

2,382 

2,926 

3,302 

7,462 

5,699 

4,221 

1,965 

1,622 

2,051 

2,129 

2,241 

2,258 

1,797 

1,736 

2,149 

2,  086 

1,894 

1,781 

1,886 


,2,282  I     2,605 
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Daily  discharge  of  Androscongin  River  at  Etimford  Falls,  Maine — Coiitiuued. 

[Cubic  feet  per  second.] 


Day. 

1 

Jan.      Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1898. 

1              1 

1 

2,142     1,823  : 

1,641 

8,582  ; 

9,  925 

5,001 

2,067 

1,601 

1,  421 

2,080 

2,508 

2,507 

2  .... 

1,905 

1,584  ; 

1,601 

7,370 

9,  963 

4,643 

2,280 

1,858 

1,493 

2,149 

2,514 

2,519 

3 

1,815 

1,822 

1,565 

6,772  i 

9,422 

4,384 

2,  192 

1,912 

1,713 

1,961 

2.500 

2,556 

4 

1,938 

1,949 

1,615 

6,221 

8,941 

4,743 

2,  152 

1,588 

2,  638 

1,871 

2,403 

2,448 

5 

1,909 

2, 193 

1,573 

5,693 

8,086 

4,462 

2,209 

2,025 

2,151 

2,151 

2,286 

2,290 

6 

1,95R 

1,960 

1,470 

5,262 

9,414 

4,352 

2, 132 

2,459 

1,815 

2,122 

2,233 

2,233 

7 

2,095 

1,741 

1,397 

4,977 

8,591 

4,298 

2,010 

1,974 

1,707 

2,288 

2,155 

2,443 

8 

2,130 

1,635 

1,462 

4,833 

8,423 

4,694 

2,003 

1,890 

1,776 

2,408 

2,150 

2,196 

9 

2,118 

1,655 

1,817 

4,  962 

7,669 

6,  200 

1,960 

1,805 

1,801 

2,038 

2,265 

2,115 

10 

2,048 

1,606 

1,  859 

5,639 

6,746 

6,139 

1,72L 

1,639 

1,742 

1,  949 

2,203 

2,030 

11 

1,974 

1,602 

2,147 

6,710 

6,426 

4,669 

1,645 

1,635 

1,440 

1,800 

2,341 

1.910 

12 

1,858 

1,728 

2,606 

8,243 

7,264 

4,790 

1,808 

1,560 

1,302 

1,889 

2,856 

1,796 

13 

1,953 

2,109 

3,583 

10,102 

15,566 

5,243 

1,710 

1,495 

1,484 

1,929 

2,715 

1,829 

14 

2,185 

1,778 

6,894 

10,  933 

13,245 

5,662 

1,  728 

1,487 

1,509 

1,  772 

2,807 

1,940 

15 

2,041 

1,724 

7,501 

11, 849 

11, 295 

7,980 

1,736 

1,577 

1,457 

1,803 

2,614 

2,022 

16 

2,113 

1,758 

6,052 

12, 349 

11,882 

6,475 

1,677 

1,567 

1,524 

2,466 

2,569 

2,016 

17 

1,887 

1,443 

5,055 

11, 623 

11,  763 

5,964 

1,710 

1,465 

1,595 

2,273 

2,460 

2,007 

18 

1,854 

1,  224 

4,983 

13, 272 

11, 196 

5,587 

1,463 

1,  562 

1,352 

2,415 

2,731 

2,053 

19 

1,751 

1,577 

4,987 

11,  594 

10,  996 

5,  025 

1,673 

1,583 

1,789 

2,075 

3,720 

2,382 

20 

1,977 

1,673 

5,195 

10, 268 

10, 594 

6,596 

2,031 

2,  033 

1,893 

2,269 

6,903 

2,107 

21 

1,927 

1,574 

9,617 

8,504 

10, 386 

5,844 

2,194 

1,448 

1,842 

2,600 

4,754 

1,992 

22 

1,977 

1,577 

8,231 

7,899 

9,216 

5,384 

2,013 

1,517 

1,667 

2,588 

3,698 

2,215 

23 

1,778 

1,545 

7,365 

9,075 

9.000 

4,914 

1,969 

1,616 

1.555 

4,039 

3,165 

2,319 

24 

1,764 

1,608 

8,041 

10,  057 

8,377 

3,888 

1,526 

1,557 

2,433 

2,312 

2,923 

2,454 

25 

1,878 

1,549 

7,826 

16, 748 

8,666 

3,095 

1,684 

1,560 

4,245 

2,742 

2,816 

2,580 

26 

1, 93e 

1,640 

7.  442 

15, 881 

7,281 

2,837 

1,930 

1,888 

3,534 

2,662 

2,011 

2,  290 

27 

2,038 

1,764 

7,631 

13,083 

6,033 

2,  672 

2,261 

1,981 

2,610 

11,  529 

1,971 

2,260 

28...  . 

1,  928 

1,763 

8,032 

11,  292 

7,243 

2,508 

1,  904 

1,744 

2,456 

6,698 

1,840 

2,  201 

29 

1,918 

9,585 

10,  266 

5,650 

2, 116 

1,599 

1,668 

2,399 

4,585 

1,741 

1,  939 

30  .... 

1,832 

10, 096 

9,217 

5,459 

2,117 

1,569 

1,501 

2,077 

3,228 

2,486 

2,047 

31 

Mean . 

1,764 

10, 857 

5,085 



1,812 

1,595 

2,776 

2,813 

2,176 

1,947 

1,700 

5, 152 

9,309 

9,348 

4,743 

1,873 

1,750 

1,961 

2,  821 

2,189 

Note.— The  figures  for  1892  to  1895  are  given  in  Water-Supply  and  Irrigation  Paper  'No.  27,  pages  14 
tcl6. 

The  monthly  and  annual  totals  are  given  in  the  following  table  in 
the  conventional  form  adopted  in  this  report.  These  tables  are  a  con- 
tinuation of  those  liublished  in  the  Kineteenth  Annual  Keport,  Part 
IV,  page  93,  the  latter  being  slightly  differeut  in  arrangement.  The 
totals  for  the  year  1895  ^  have  been  inadvertently  omitted. 

'The  diagram  of  discharge  for  1895,  shown  in  fig.  9,  is  in  error  in  stating  that  there  is  no  record 
since  April.  The  data  for  1895  have  been  published  in  WaLer-Supplj^  Paper  No.  27,  on  page  16.  The 
omission  in  the  latter  i)art  of  June,  1893,  has  also  been  supplied,  as  shown  by  the  table  on  page  15  of 
the  same  nublication. 
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Estimated  monthly  discharge  of  Androscof/gin  IHver  at  Bumford  Falls,  Maine, 

[Drainage  area,  2,220  square  miles.] 


Month. 


1896. 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year"  . . . 

1897. 

January  

February  

March   

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . 

1898. 

January  

February  

March  

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year . 


Maxi- 
mum. 


21 
1 

39 
27 
12 
5 
2 
2 
4 
5 
8 
3 


39 


4 
2 
2 

19 
14 
22 

5 
2 
3 

5 

7 


22 


2 
2 

10 

16 

15 

1, 

2 

2 

4 

11 

6 

2 


16 


540 
940 
010 
390 
180 
760 
760 
450 
760 
710 
100 
240 


010 


623 

228 
516 
986 
266 
764 
906 
726 
001 
757 
686 
462 


906 


185 
193 
857 
748 
566 
980 
280 
459 
245 
529 
903 
580 


748 


Mini- 
mum. 


1 

1 

1 

4 

5 

2 

1 

1 

1, 

1, 

1, 

1, 


540 
440 
310 
180 
680 
630 
500 
570 
390 
530 
690 
130 


130 


320 
055 
554 
914 
724 
405 
727 
342 
143 
190 
085 
622 


055 


751 
224 
397 
833 
085 
116 
463 
465 
302 
772 
741 
796 


224 


nd-feet. 

Mean. 

3,303 

1,731 

5,443 

12,  444 

7,532 

3,102 

2,002 

1,718 

1,926 

2,070 

3,062 

2,008 

3,862 

1,821 

1,686 

1,810 

7,913 

11,614 

6,998 

6,605 

2,345 

1,592 

1,606 

2,282 

2,605 

4,073 

1,947 

1,700 

5,152 

9,309 

9,348 

4,743 

1, 873 

1,750 

1,961 

2,  821 

2,813 

2,189 

3,801 

Run 

Total  in  acre- 
feet. 

Depth  in 
inches. 

203,  095 

1.72 

96, 135 

0.81 

334,  679 

2,83 

740,  468 

6.26 

463, 128 

3.91 

184,  581 

1.56 

123,  099 

1.04 

105,  636 

0.89 

114,  605 

0.97 

127,  280 

1.07 

182,  201 

1.54 

123,  468 

1.04 

2,  798,  375 

23.64 

111,  970 

0.94 

93,  080 

0.79 

111,  293 

0.93 

470,  855 

3.97 

714,  122 

6.04 

416,  409 

3.51 

406, 128 

3.44 

144, 189 

1.22 

94,730 

0.80 

98,  750 

0.83 

135,  788 

1.15 

160, 176 

1.35 

2,  957,  490 

24.97 

119,  717 

1.01 

94,  413 

0.80 

316,  786 

2.68 

553,  923 

4.67 

574,  790 

4.86 

282,  227 

2.39 

115,  067 

0.97 

107,  604 

0.91 

116,  687 

0.98 

173,  458 

1.46 

167,  385 

1.42 

134,597 

1.13 

2,  756,  654 

23.28 

Second- 
feet  per 
square 
mile. 


1.49 
0.78 
2.45 
5.61 
3.39 
1.40 
0.90 
0.77 
0.87 
0.93 
1.38 
0.90 


1.74 


0.82 
0.76 
0.81 
3.56 
5.23 
3.15 
2.98 
1.06 
0.72 
0.72 
1.03 
1.17 


1.83 


0.88 
0.77 
2.32 
4.19 
4.21 
2.14 
0.84 
0.79 
0.88 
1.27 
1.27 
0.98 


1.71 
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Yield  of  Androscoggin  River  at  Bumford  Falls,  Maine,  in  cubic  feet  per  second  per  square 

mile. 


Month 
(order  of 
dryness). 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Total. 

Average. 

1.... 

1.162 

0.852 

0.451 

0.759 

0.703 

0.751 

4.678 

0.780 

2.... 

1.188 

0.879 

0.552 

0. 76r> 

0.709 

0.773 

4.866 

0.811 

3.... 

1.  237 

0.923 

0.784 

0.851 

0.745 

0.827 

5.367 

0.895 

4.... 

1.321 

0.994 

0.799 

0.884 

0.799 

0.860 

5.657 

0.943 

5.... 

1.352 

1.099 

0.803 

0.887 

0.804 

0.866 

5.811 

0.969 

6.... 

1.405 

1.099 

.    0.878 

0.914 

1.008 

0.967 

6.271 

1.045 

7.... 

1.418 

1.201 

1.121 

1.352 

1.036 

1.242 

7.370 

1.228 

8.... 

1.449 

1.  343 

1.269 

1.370 

1.151 

1.246 

7.828 

1.305 

9.... 

1.687 

1.780 

1.575 

1.459 

2.917 

2.095 

11.513 

1.919 

10.... 

2.222 

2.244 

1.846 

2.404 

3.091 

2.276 

14.  083 

2.347 

11.... 

2.491 

3.639 

3.369 

3.327 

3.495 

4.113 

20. 434 

3.406 

12.... 

7.787 

4.179 

5.305 

5.496 

5.130 

4.129 

32.  026 

5.338 

Androscoggin  Eiver  at  Bumford  Falls,  Maine,  minimum  flow  in  each  month  in  order  of 

dryness,  in  cubic  feet  per  second  per  square  mile. 


Month 
(order  of 
yness). 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Total. 

Average. 

1.... 

0.707 

0.543 

0.375 

0.499 

0.466 

0.541 

3.131 

0.522 

2.... 

0.839 

0.610 

0.485 

0.610 

0.479 

0.575 

3.598 

0.600 

3.... 

0.839 

0.610 

0.543 

0.614 

0.505 

0.617 

3.728 

0.621 

4.... 

0.936 

0.  645 

0.543 

0.663 

0.526 

0.640 

3.953 

0.659 

5.... 

0.950 

0.693 

0.587 

0.676 

0.583 

0.646 

4.135 

0.689 

6.... 

0.998 

0.693 

0.596 

0.680 

0.593 

0.769 

4.329 

0.722 

7.... 

1.215 

0.742 

0.698 

0.693 

0.686 

0.773 

4.807 

0.801 

8.-.- 

1.215 

0.742 

0.724 

0.720 

0.716 

0.783 

4.900 

0.817 

9.... 

1.299 

0.941 

0.764 

0.746 

0.845 

0.793 

5.388 

0.898 

10.... 

1.321 

1.369 

0.821 

1.020 

1.205 

0.935 

6.671 

1.112 

11.... 

1.396 

1.458 

0. 835 

1.405 

1.504 

2.135 

8.733 

1.456 

12.... 

2.  257 

2.009 

1.590 

1.625 

2.970 

2.246 

12. 697 

2.116 
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In  couiiectiou  with  these  data,  Mr.  Mixer  calls  attention  to  the  fact 
that  duriug  the  year  there  are  two  low- water  seasons — one  in  February 
and  the  other  in  September.  The  two  periods  of  low  water  are  each 
short,  thus  reducing  the  requirements  for  storage  and  resulting  in  rapid 
increase  of  efiflciency  of  every  storage  project.  The  amount  of  power 
utilized  at  Eumford  Falls  has  increased  from  about  9,000  horsepower  in 
1897  to  about  11,000  horsepower  at  the  end  of  1898.  There  has  never 
been  any  anchor  ice  noted  in  the  river,  and  thus  in  quality  of  water  and 
reliability  of  power  the  conditions  at  Eumford  Falls  are  notable. 

Observations  of  rainfall  have  been  made  at  Eumford  Falls,  giving  the 
results  shown  in  the  following  table.  These  figures,  which  include  rain 
and  melted  snow,  can  not  be  considered  as  strictly  representative  of 
the  precipitation  upon  the  whole  catchment  basin,  as  the  elevation  of 
the  rain  gage  is  512  feet,  while  the  catchment  surface  is  higher,  ranging 
from  600  feet  and  upward  in  the  portion  of  the  drainage  basin  without 
storage.  This  portion  aggregates  about  one-half  of  the  entire  area. 
The  other  half  of  the  drainage  basin,  within  which  are  the  lakes  and 
other  facilities  for  storage,  averages  in  elevation  about  1,450  feet. 

Precipitation,  in  inches,  at  Eumford  Falls,  Maine. 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

1893 

3.00 
2.70 

1894.... 

2.40 

1.85 

1.57 

1.20 

5.55 

3.20 

5.15 

4.30 

4.35 

3.95 

4.25 

40.47 

1895.... 

3.50 

0.60 

1.06 

5.60 

4.40 

2.30 

2.15 

3.10 

2.05 

1.60 

5.40 

5.71 

37.47 

1896.... 

1.10 

5.85 

9.75 

1.65 

2.07 

1.75 

2.75 

3.15 

4.40 

3.20 

2.95 

0.95 

39.57 

1897.... 

3.80 

2.70 

4.05 

3.35 

4.25 

6.20 

9.44 

2.15 

1.93 

0.63 

5.35 

3.40 

47.25 

1898.... 

3.85 

7.25 

1.08 

2.87 

2.55 

3.05 

2.70 

3.39 

3.96 

4.52 

5.00 

1.95 

42.17 

In  addition  to  the  annual  water  storage  in  lakes  there  is  another 
form  resulting  from  the  prevailing  low  temperature  on  the  drainage 
basin.  The  winter  precipitation  is  nearly  all  retained  for  a  period  of 
weeks  or  months,  and  by  melting  in  spring  is  rapidly  added  to  the 
rainfall  of  that  season.  Thus  the  ratio  between  rainfall  and  run-off 
during  winter  and  spring  means  little  or  nothing.  By  yearly  periods 
the  comparison  as  given  in  the  following  table  is  of  interest. 


Comparison  of  rainfall  with  run-off,  in  inches,  at  liumford  Falls,  Maine. 


Normal. 

1895. 

1896. 

1897. 

1898. 

Rainfall 

41.64 
23.41 
56.22 

37.47 
21.71 
57.94 

39.57 
23.64 
59.74 

47.25 
24.97 

52.85 

42.17 
23.28 
55.21 

Run-off -         -  -    -      

Percentage  of 

rainfall 
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MERRIMAC  RIVER. 

The  figures  of  monthly  discharge  of  Merrimac  River  at  Lawrence, 
Massachusetts,  for  1898  have  been  obtained  from  Mr.  R.  A.  Hale,  of 
Lawrence,  Massachusetts,  these  being  a  continuation  of  the  table  in 
the  Nineteenth  Annual  Report,  Part  IV,  page  113.  These  are  based 
upon  the  quantity  passing  through  the  canal  and  wheels  of  the  various 
mills  and  wastiug  over  the  dam  in  the  river.  The  minimum  flow  has 
little  connection  with  the  natural  discharge  of  the  stream,  as  this  is 
regulated  by  pondage.  A  view  of  Merrimac  River  at  Lawrence,  Mas- 
sachusetts, is  shown  on  PI.  Ill,  A.  This  gives  the  method  of  holding 
back  water  in  the  river  by  means  of  flashboards  placed  on  toj)  of  the 
dam. 

Estimated  monthly  discharge  of  Merrimac  Biier  at  Lawrence,  Massaclrusetis. 

[Drainage  area  4,553  square  miles.] 


Montli. 


1898. 

January 

February . . . . 

March 

April 

May 

Juue 

July 

August 

September  .. 

October  

November 

December  ... 

The  year 


Discharge  iu  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

11,  480 
10,  790 
36,  000 
30,  362 

16,  279 
9,964 
4,516 
6,261 
6,  075 

14, 473 
19,  785 

17,  398 

4,246 
5,  000 
6,850 
9,529 
6,160 
3,908 
1,018 
1,893 
372 
2,077 
5,204 
5,792 

372 

7,394 

7,797  1 

18,612 

15,  229 

10,  996 

6,464 

2,660 

3,799 

2,910 

6,429 

9,887 

8,779 

36,  000 

8,  413 

Total  iu  acre- 
feet. 


Rnn-otf. 


Depth  in 
inches. 


454,639  1.87 

433,023  1.78 

1,144,407  4.72 

906,  188  '       3.  71 

676,118  ;      2.79 

384,635  I       1.58 

163,5.58  I       0.67 

233,592  0.95 

173,  156  0.  71 

395,304  I       1.63 

588,317  2.42 

540,414  I       2.22 


Second- 
feet  per 
square 
mile. 


5,092,341       25.05 


1.62 
1.71 
4.09 
3.34 
2.42 
1.42 
0.58 
0.83 
0.64 
1.41 
2.17 
1.93 


1.85 


In  the  above  table  the  maximum  and  minimum  amounts  are  the 
greatest  and  least  discharges  in  each  month  for  one  full  day,  while  the 
mean  is  the  average  24-hour  flow  for  the  total  number  of  days  in 
the  month.  The  following  figure  (10)  shows  in  graphic  form  the  fluctua- 
tions in  discharge  of  Merrimac  River  for  eight  years,  from  1891  to  1898, 
inclusive.  The  time  of  occurrence  and  relative  importance  of  the 
spring  floods  are  particularly  noticeable. 
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Fig.  10.— Discharge  of  Merrimac  River  at  Lawrence,  Massachusetts,  1891-98. 


SUDBURY   RIVER. 

Sudbury  River  is  a  small  stream  of  eastern  Massachusetts  which, 
receiving  water  from  an  area  west  of  Fraraiugham,  flows  thence  in  a 
northerly  course  through  meadows  and  swamps  and  joins  Assabet  River 
to  form  Concord  River.  This  in  turn  continues  northerly,  entering 
Merrimac  River  immediately  below  the  city  of  Lowell.  Storage  reser- 
voirs, to  the  number  of  seven,  have  been  constructed  from  time  to 
time,  the  yield  of  the  entire  catchment  basin  in  this  vicinity  being 
controlled  for  municipal  water  supply.     The  available  water  has  been 
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systematically  measured  aud  studied  by  Mr.  Desmond  FitzGerald,  the 
records  begiimiug  in  1875. 

The  stream  is  so  thoroughly  reservoired  that  the  flow  by  days  would 
be  very  difficult  of  computation  and  would  have  little  practical  value. 
The  results,  however,  are  obtained  by  months,  and  have  been  printed 
in  various  forms,  particularly  in  a  discussion  by  Mr.  FitzGerald  in  Vol. 
XXYII  of  the  Transactions  of  the  American  Society  of  Civil  Engi- 
neers, September,  1892.  The  following  table  gives  the  results  in  cubic 
feet  per  second  per  square  mile,  this  being  considered  to  be  the  most 
convenient  unit  for  comparison  with  data  obtained  for  other  catchment 
areas. 

Run-off  of  Sudbury  Biver  icatershed. 
[Drainage  area  75.2  square  miles.     Cubic  feet  per  second  per  square  mile.] 


Tear. 


1875 

1878 

1877.: 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

XoOi/ ...... 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

Mean 


Jan. 


159 
995 
019 
800 
083 
733 
642 
920 
518 
540 
910 
260 
006 
629 
305 
941 
669 
893 
671 
072 
600 
677 
307 


Feb. 


2.315 
2.116 
1.469 
3.814 
2.647 
2.765 
2.392 
3.718 
1.598 
4.397 
2.095 
7.428 
4.377 
3.011 
1.850 
2.366 
5.393 
1.451^ 
2.  386 
1.533 
0.837 
4.140 
1.651 


Mar. 


Apr. 


535   4.676 


1.871 


2.935 


2.482 
6.862 
7.448 
5.426 
3.605 
2.126 
6.195 
4.392 
2.492 
5.857 
2.433 
3.185 
4.437 
5.009 
2.071 
5.636 
6.891 
3. 025 
5.021 
3.463 
3.728 
5.933 
3.968 
4.029 


May. 


4.718 
5.094 
3.703 
2.516 
4.821 
1.  808 
2. 392 

1.  342, 

2.  088' 
4.415 
2.  808' 
3.013' 
4.  053' 
4.093| 
2.182 
2.900 
3.709 
1.348 
3. 288 
2.538 
3.892 
2.312 
2.344 
2.830 


4.405  3.091 


1. 838 
1.761 
2.153 
2.158 
1.723 
0.796 
1.493 
1.998 
1.  450' 

1.  594' 

I 

2.  067 
1.114 
1.561 
2.  526 
1.361 
2.114 
0.901 
1.947 
4.461 
1.299 
0,984 
0.557 
1.416 
1.927 


June. 


July, 


Aug. 


1.717 


1.346 
0.343 
0. 924 

0.782 
0.640 
0.271 
2.  070 
0.818 
0. 464 
0. 6441 

0. 659' 

0.314' 
0.  640 
0.652 
1.011 
0.878 
0.639 
0.662 
0.680 
0.648 
0.269 
0.617 
1.488 
0.880 


0.761 


0.497 
0.283 
0.312 
0. 199 
0.  243 
0.273 
0.428 
0. 133 
0.178 
0.346 
0.096 
0.179 
0.178 
0.182 
0.980 
0.166 
0.  231 
0.331 
0.244 
0.249 
0.357 
0.147 
1.018; 
0.  357 


0.317 


0.612 
0.627 
0.187 
0.736 
0.611 
0.184 
0.229 
0.086 
0.122 
0.397 
0.372 
0.146 
0.331 
0.587 
2.216 
0.204 
0.252 
0.433 
0.280 
0.324 
0.354 
0.088 
0.914 
1.712 


Sept. 


0.500 


0.  321 
0.285 
0.092 
0.249 
0.218 
0.124 
0.305 
0.474 
0.141 
0.068 
0.187 
0.182 
0.172 
1.786 
1.274 
0.708 
0.314 
0.355 
0.167 
0.231 
0.138 
0.600 
0.282 
0.571 


0.385 


Oct. 

Nov. 

1.000 

2.015 

0.361 

1.683 

0.977 

2.193 

0.799 

2.619 

0.109 

0.318 

0.157 

0.318 

0.287 

0.611 

0.463 

0.324 

0.288 

0.317 

0.129 

0.271 

0.519 

1.  822 

0.225 

1.041 

0.294 

0.570 

,  3.093 

4.267 

1.903 

3.003 

3.515 

1.879 

0.325 

0.472 

0.195 

1.079 

0.343 

0.493 

0.579 

1.293 

2.134 

4.296 

0.916 

1.020 

0.145 

1.407 

1.795 

3.073 

0.856 

1.516 

Dec. 


0.  903 
0.702 
1.995 
4.916 
0.716 
0.271 
1.199 
0.487 
0.299 
1.431 
1.816 
1.578 
0.995 
4.708 
3.467 
1.541 
0.842 
0.750 

1.  232 
1.108 
2.757 
1.017 
2.451 
2.783 


Mean. 


1.665 


1.504 
1.756 
1.878 
2.246 
1.383 
0.895 
1.515 
1.334 
0.824 
1.747 
1.393 
1.682 
1.785 
2.626 
2.140 
1.989 
2.034 
1.209 
1.604 
1.192 
1.782 
1.576 
1.533 
2.248 


1.661 


There  are  also  available  records  of  yield  of  water  from  the  drainage 
basin  of  Lake  Oochituate,  with  area  of  18.87  square  miles,  including 
7.6  per  cent  of  water  surface,  aud  from  the  watershed  of  Mystic  Lake, 
with  watershed  of  26.9  square  miles  and  about  3  per  cent  of  surface. 
The  figures  of  yield  from  these  are  considered  to  be  somewhat  less 
precise,  but  of  sufficient  accuracy  for  practical  purposes. 
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CONNECTICUT  RIVER. 

The  figures  of  the  monthly  discharge  of  CoTiiiecticut  River  at  Holyoke, 
Massachusetts,  for  1898  have  been  obtained  from  Mr.  A.  F.  Sickman, 
tliese  being  a  continuation  of  the  table  in  the  Nineteenth  Annual  Report, 
Part  IV,  page  116. 

Estimated  monthly  discltarf/e  of  Connecticut  River  at  Holyoke,  Massachusetts. 

[Drainage  area,  8,660  square  miles.] 


Month. 


Discliariie  in  second-feet. 


Miixi- 
nmm. 


1898. 

January „...    16,050 

February 12, 450 

March 76, 150 

April I  50,  450 

May I  26,800 

June I  17,900 

July 6,  050 

August 7,  550 

September I  12, 550 

October 23,000 

November 29, 1 50 

December 15,  250 


Mini- 
mum. 


The  year 76,150 


7,500 

6,350 

6,950 

16,  050 

12,  350 

7,  550 

600 

3,150 

650 

4,  650 

8,850 

5,800 


Mean. 


llun-olf. 


Total  ill  acre- 
feet. 


600 


10,  339 
8,673 

35, 482 
29,  245 
19, 079 

11,  395 
3,798 
4,958 
5,423 

12,  207 
15,  840 

9,689 


Depth  in 
inches. 


Se^oud- 

feet  per 

square 

mile. 


635,  724 

481,  674 

2, 181,  717 

1,740,198 

1, 173, 122 

678,  048 

233,  531 

304,  857 

322,  690 

750, 168 

942,  543 

595,  757 


13,  844     10,  040,  029 


1.37 
1.04 
4.72 
3.77 
2.53 
1.46 
0.52 
0.66 
0.70 
1.61 
2.03 
1.29 


1.19 
1.00 
4.09 
3.38 
2.19 
1.31 
0.45 
0.57 
0.63 
1.40 
1.82 
1.12 


21.70 


1.60 


The  daily  fluctuations  of  Connecticut  River  are  shown  in  fig.  11, 
on  the  opposite  i)age,  for  the  eight  years  from  1891  to  1898,  inclusive. 
The  figures  by  months  for  the  years  1880  to  1895  have  been  given  in 
Bulletin  No.  140,  on  pages  37-41,  but  the  details  of  daily  flow  have  not 
been  printed.  The  quantities  given  represent  the  average  daily  amount 
drawn  on  the  pond  above  the  dam,  and  show  the  discharge  of  the 
river  except  at  such  times  as  the  surface  falls  below  the  crest  of  the 
dam  when  water  is  ponded  over  night  and  during  Sunday. 


NEWELL.] 


CONNECTICUT    RIVER. 


77 


iii 


Sec.-U  I  'f  "  I  '° "  I '?  '."-I  "—  I  'P "  1 1"° 
60, 000 
55, 000 
50,  000 
45, 000 
40,  000 
35, 000 
30,  000 
25,  000 
20, 000 
15, 000 
10, 000 
5,000 
0 
60,  000 
55, 000 
50, 000 
45,  000 
40, 000 

000 

000 

000 

000 

000 

000 

000 
0 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 
0 

000 

000 


JUlV  I  Aud.  f  i'iH  I  6cY 

10  ?0         10  30         10  30        10  20 


NOV  T    OCC     I     JAM     I    rCO    JMAliCHl  i^ftU  \    MAV     I  JUNC  I   JULV    j     AUC     f  SC^T    I     OCT     [    NOV     |     bic 

10  20       10  20         rO  20         10  20       10  70        lO  30        10  30       '  lO  30        10  30  ^      10  30    [    10  30   [     10  30   |    10  30  |  jy  70 


"(mrasHssff! 


;:;  hf 


/ilBZ 


■1 '     '^TipfnnRnr 


^rsMf"! 


«tS3 


r^iiiiiiiraFr^iiir^iPiiii 


/iK'¥ 


-^r^f^nw'W 


KISS 


T"TTrT"»iip^'"< 


'nil  If 


fiiae 


'1  T^J^^  '   " 


35, 
30, 
25, 
20, 
15, 
10, 
5, 

60, 
55, 
50, 
45, 
40, 
35, 
30, 
25, 
20, 
15, 
10, 
5, 

60, 
55, 

50,  000 
45,  000 
40, 000 
35, 000 
30,  000 
25,  000 
20, 000 
15,  000 
10,  000 
5,000 

0 

Fig.  11.— Diacharge  of  Conuecticut  River  at  Holyoke,  Massachusetts,  1891-1898. 

Observations  of  the  heif^ht  of  Connecticut  Eiver  have  been  main- 
tained at  a  point  near  Hartford,  on  what  is  known  as  the  "tollhouse 
gage/'  this  being  placed  at  the  same  elevation  as  the  old  gage  estab- 
lished by  the  Engineer  Corps,  U.  S.  A.,  about  1872.  Daily  readings 
made  by  the  Connecticut  River  Bridge  and  Highway  district,  of  which 
Mr.  Edwin  T>.  Graves  is  the  chief  engineer,  have  been  obtained  there, 
beginning  February  8, 1896.  The  bed  of  the  river  at  this  point  probably 
changes  very  little,  if  at  all,  from  year  to  year.  During  the  extreme  low 
water  in  the  summer  the  height  may  be  affected  by  the  tide  coming  up 
the  river  from  Long  Island  Sound.  On  some  days  this  tidal  difference 
is  not  perceptible,  it  depending  largely  on  the  direction  and  force  of  the 
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wind.  Ill  the  Report  of  the  Chief  of  Engineers  for  1878,  pages  348  to 
391,  the  matter  of  extending  navigation  north  of  Hartford  was  dis- 
cussed, and  at  that  time  the  original  gage  was  established  and  the  dis- 
charge of  the  river  at  Hartford  computed.  From  the  figures  given  in 
this  report  and  from  other  data,  computations  of  the  discharge  of  Con- 
necticut Iviver  at  Hart/ord  from  1871  to  1886,  inclusive,  were  prepared 
and  published  in  Part  II  of  the  Fourteenth  Annual  Report  of  this 
Survey,  on  pages  140  to  146. 

In  1897  a  further  survey  of  the  river  was  made,  the  results  being 
given  by  Maj.  Smith  S.  Leach  in  the  Report  of  the  Chief  of  Engineers, 
U.  S.  A.,  for  1898,  on  j)ages  976  to  988.  The  extremely  high  gage  read- 
ings occasionally  reported  on  this  section  of  the  river  are  probably  due 
to  the  narrowing  of  the  river  a  short  distance  below  Middletown,  Con- 
necticut, the  water  being  held  back  by  the  gorge  at  this  point.  In  this 
connection  Mr.  Edwin  D.  Graves  states  that  this  explanation  of  the 
extreme  high  water  is  open  to  doubt  in  that  if  the  water  were  held  back 
by  the  gorge  its  surface  would  be  more  nearly  level  than  at  low  water. 
At  the  latter  time  there  is  probably  not  more  than  4  or  5  inches  fall 
from  Hartford  to  the  narrows  below  Middletown,  but  at  high  water 
Mr.  Graves  states  that  he  has  seen  a  fall  of  5  feet  between  the  tide 
gage  at  Hartford  and  the  tide  gage  at  Middletown,  indicating  that 
instead  of  water  being  held  back  below  Middletown  it  is  banked  up 
somewhere  near  Hartford  and  falls  more  rapidly  from  Hartford  down 
in  freshet  time  than  on  days  of  low  water. 

HUDSON   RIVER. 

Computations  of  discharge  of  Hudson  River  and  its  tributaries, 
especially  the  Mohawk,  have  been  made  during  1898  by  the  Water- 
Supply  Division  of  the  United  States  Board  of  Engineers  on  Deep 
Waterways.  The  work  in  j^ew  York  has  been  under  the  direction  of 
Mr.  George  W.  Rafter,  the  object  being  to  determine  the  amount  of 
water  available  for  supplying  a  canal  of  sufficient  size  to  accommodate 
vessels  navigating  on  the  Great  Lakes,  or  even  on  the  ocean.  The  prin- 
cipal factor  in  furnishing  sufficient  water  has  been  found  to  be  Black 
River,  which  has  its  source  on  the  western  slope  of  the  Adirondacks, 
flowing  from  these  mountains  in  a  general  northwesterly  course,  and 
emptying  into  Lake  Ontario  near  its  outlet  into  St.  Lawrence  River. 
It  is  proposed  to  divert  water  from  Black  River  by  means  of  a  large 
feeder  canal  skirting  the  foothills  at  a  distance  of  from  10  to  15  miles 
from  the  lake.  Measurements  of  the  amount  of  water  in  Black  River 
and  of  various  streams  to  be  crossed  have  therefore  been  made,  as  well 
as  of  the  run-off  from  adjacent  drainage  areas.  These  for  convenience 
of  reference  are  here  included  under  the  head  of  Hudson  River, 
although  tributary  to  the  Great  Lakes  drainage.  The  following  list 
gives  the  name  of  the  river  and  locality,  together  with  numbers  which 
refer  to  a  small  index  map,  fig.  12. 
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Fig.  12.  Relative  location  of  river  observations  in  basin  of  Mohawk  and  adjacent  rivers. 
Streams  measured  hy  United  States  Board  of  Engineers  on  Deep  Waterways. 


Number. 


1. 
2. 
3. 
4. 

5. 


Stream. 


Seneca  River 

Oswego  River 

Chittenango  Creek 

Oneida  Creek 

Wood  Creek 


6 Fish  Creek,  west  branch . 

7 Fish  Creek,  east  branch  . 

8 Salmon  River 

9 Mohawk  River 

10 Ninemile  Creek 

11 Oriskany  Creek 

12 do 


13 Saqjioit  Creek . 


14. 

15. 

16. 

17. 

18. 

19. 

20. 

21 

22. 


West  Canada  Creek 

Mohawk  River 

East  Canada  Creek. 

Garoga  Creek 

Cayadutta  Creek  . . . 

Schoharie  Creek 

Mohawk  River . 

Hudson  River 

do 


23 Schroon  River. 


24, 


Black  River 


Locality. 


Baldwinsville. 

Fulton. 

Bridgeport. 

Kenwood. 

Near  mouth. 

McConuellsville. 

Above  Point  Rock. 

About  1  mile  above  falls. 

Ridge  Mills. 

1  mile  below  Stittville. 

State  Dam,  Oriskany. 

Coleman. 

New  York  Mills. 

Middleville. 

Little  Falls. 

Dolgeville. 

3  miles  above  the  Mohawk. 

Below  Johnstown. 

State  Dam,  Fort  Hunter. 

State  Dam,  Rexford  Flats. 

Mechanics  ville. 

Fort  Edward. 

Warreusburg. 

Watertown. 
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Fig.  13.  Discharg*^  of  Hudson  River  at  Mecbanicsville,  New  York,  1889-1898. 


Canal  trausportatiou  has  been  discussed  by  Mr.  E after  in  Water- 
Supply  and  Irrigation  Papers  Nos.  24  and  25,  where  reference  is  made 
to  the  deep- waterways  projects  designed  to  supplement  or  replace  the 
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Erie  Caual,  whose  importance  has  declined  in  spite  of  attempts  made 
to  enlarge  it.  Some  of  the  recent  improvements  in  methods  of  trans- 
portation on  the  Erie  Oanal  are  shown  on  PI.  IV.  On  PI.  IV,  A,  is  a 
view  of  six  steel  barges  in  sets  of  two  each,  all  of  these  being  pro- 
pelled by  steam  power  in  the  second  barge,  the  first  being  pushed  in 
advance  and  the  remainder  being  towed  by  a  long  line.  On  PL  IV,  B, 
is  shown  the  locks  of  the  Erie  Canal  below  Schenectady  and  the  steel 
barges  passing  through  these.  The  following  table  is  a  continuation  of 
that  given  in  the  Nineteenth  Annual  Eeport,  Part  IV,  page  122. 


Estimated  monthly  discharge  of  Hudson  Biver  at  MechanicsviUe,  New  York. 

[Drainage  area  4,500  square  miles.] 


Month. 


1898. 

January 13,  757 

February 13,042 

March 39,389 

April 25,150 

May 16,  206 

June 10,118 

July 4,  425 

August 12,  058 

September i  7,  359 

October 20,  948 

November 21,  100 

December |  8,  690 


Discharge  in  second-feet. 


Maxi- 
mum. 


The  year 


39,  389 


Mini- 
mum. 


4,689 
4,151 
5,186 
7,389 
7,162 
3,100 
1,163 
2,417 
1,782 
2,417 
5,209 
3,560 


Mean. 


1,763 


7,723 

6,754 

20,  225 

13,  719 

11,  081 

5,280 

2,570 

5,133 

3,869 

7,895 

9,243 

5,436 


8,244 


Total  in  acre- 
feet. 


474,  872 
375,  098 
1,  243,  595 
816,  335 
681,  349 
314, 181 
158,  024 
315,  618 
230,  221 
485,  448 
549,  995 
334,  246 


5,  978,  982 


Run-off. 


Depth  in 
inches. 


1.98 
1.56 
5.18 
3.40 
2.84 
1.31 
0.66 
1.31 
0.95 
2.02 
2.29 
1.40 


24.90 


Second- 
feet  per 
square 
mile. 


1.72 
1.50 
4.49 
3.05 
2.46 
1.17 
0.57 
1.14 
0.86 
1.75 
2.05 
1.25 


1.83 


CROTON  RIVER. 

The  Groton  Eiver  watershed  is  the  principal  source  of  the  water  sup- 
ply of  the  city  of  New  York.  A  number  of  reservoirs  have  been  built 
within  the  basin,  and  a  new  and  larger  dam  is  being  constructed  near 
the  lower  end,  at  what  is  known  as  the  Cornell  site.  This  new  Oroton 
dam  (shown  on  PL  III,  B)  will  be  one  of  the  largest  and  most  notable 
masonry  structures  in  the  country.  It  will  raise  the  water  to  a  height 
sufScient  to  submerge  the  old  Croton  dam.  In  order  to  lay  the  founda- 
tion, Groton  Eiver  has  been  diverted  around  the  dam  site  through  an 
artificial  channel,  as  shown  in  the  view.  Figures  of  yield  of  this  water- 
shed have  been  published  by  Mr.  Alphonse  Fteley,  in  the  report  of  the 
20  GEOL,  PT  4 6 
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Aqueduct  Commissioners  of  January  1,  1895.  The  following  table  of 
rainfall  is  taken  from  that  report,  with  additional  figures  up  to  1898, 
furnished  by  Mr.  Fteley. 

Precipitation,  in  inches,  at  Boyds  Corners,  in,  Croton  River  basin,  for  each  ntionth  from 

1870  to  1898. 


Months. 


January  . ... 
February  ... 

March 

April  

May 

June 

July 

August 

September  . . 

October . 

November  . . . 
December  ... 

Total  . 

Flow  of  river 

Inches  . . 

Per  cent. 


1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

4.51 

3.80 

1.44 

5.66 

6.96 

2.74 

1.42 

2.68 

4.49 

6.40 

3.81 

1.22 

3.09 

2.78 

3.47 

4.91 

0.80 

3.65 

3.80 

4.27 

2.59 

3.08 

1.57 

4.99 

6.33 

7.66 

3.10 

5.45 

3.01 

3.04 

3.77 

6.31 

3.04 

4.43 

2.35 

2.85 

2.30 

3.45 

3.69 

2.91 

1.99 

1.08 

3.99 

0.85 

4.97 

2.06 

5.73 

4.00 

0.71 

3.57 

3.02 

2.52 

4.95 

4.65 

3.43 

5.07 

4.34 

2.21 

5.98 

3.10 

3.42 

4.65 

4.28 

5.10 

5.24 

5.99 

5.73 

2.75 

10.33 

1.20 

2.54 

2.66 

2.85 

1.44 

3.69 

3.73 

3.56 

2.11 

5.21 

1.49 

6.61 

4.73 

6.18 

2.15 

5.13 

2.40 

3.61 

1.50 

8.38 

3.78 

2.51 

4.35 

4.91 

3.72 

2.72 

4.61 

3.40 

8.16 

4.36 

1.49 

2.59 

3.68 

4.13 

1.78 

1.56 

2.35 

1.52 

8.74 

44.63 

48.94 

40.74 

43.87 

42.37 

43.66 

40.68 

46.03 

54.14 

21.38 

21.19 

19.19 

27.88 

26.85 

27.67 

24.89 

22.23 

28. 86 

48 

43 

47 

64 

63 

63 

61 

48 

53 

1879. 


2.52 
2.85 
4.96 
5.10 
2.45 
5.29 
5.95 
5.83 
3.43 
0.95 
2.49 
4.26 


46.  08 

22.87 
50 


Months. 


January  

February  

March 

April 

May 

June 

July 

August 

September  . . . 

October 

November 

December 

Total  .. 

Flow  of  river: 

Inches  . . . 

Percent.. 


1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

4.00 

4.19 

4.41 

2.80 

5.07 

5.59 

5.24 

2.92 

5.28 

5.96 

5.21 

6.31 

4.66 

5.20 

4.51 

6.14 

4.58 

1.67 

4.82 

1.29 

3.86 

3.99 

1.67 

1.36 

3.94 

2.96 

2.09 

3.61 

1.17 

3.74 

6.30 

2.86 

4.33 

2.44 

4.54 

1.28 

5.72 

3.04 

5.64 

2.04 

1.19 

3.09 

5.65 

2.45 

3.63 

4.26 

6.54 

5.27 

4.40 

3.60 

1.71 

3.92 

2.09 

4.50 

7.35 

3.21 

2.69 

0.75 

14.33 

2.45 

1.69 

1.09 

2.30 

3.25 

3.65 

3.33 

6.99 

3.74 

5.19 

2.28 

2.97 

4.50 

1.66 

1.79 

4.37 

5.99 

5.57 

2.49 

6.53 

2.68 

3.45 

7.34 

3.84 

4.29 

38.52 

46.33 

55.20 

43.15 

53.71 

45.99 

47.59 

15.32 

20.16 

25.35 

15.95 

25. 41 

19.48 

22.24 

40 

44 

46 

37 

47 

42 

47. 

1887. 

1888. 

5.56 

5.68 

6.01 

5.07 

3.60 

6.44 

3.47 

2.68 

0.32 

6.27 

7.70 

2.00 

13.32 

2.43 

7.06 

6.87 

2.00 

10.77 

3.12 

4.80 

2.69 

4.49 

6.71 

6.13 

61.68 

63.  51 

28.28 

37.81 

46 

60 

1889. 


5.14 
2.33 
1.86 
4.42 
3.22 
4.51 
7.74 
2.90 
6.13 
4.85 
8.45 
2.94 


54.49 

33.86 
62 
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Precipitation,  in  inches,  at  Boyds  Corners,  in  Croton  River  hasin,  etc. — Continued. 


Months. 


January  

February  

March 

April 

May 

June 

July 

August 

September  . .. 

October  

November 

December 

Total  ,. 

Flow  of  river: 

Inches  . .. 

Per  cent.. 


1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

2.03 

9.76 

5.95 

3.29 

3.40 

3.63 

1.52 

4.07 

4.94 

6.02 

1.22 

4.60 

5.01 

3.34 

6.65 

3.14 

5.66 

3.36 

2.90 

4.52 

1.62 

1.88 

8.20 

3.68 

3.C3 

3.77 

1.08 

3.55 

3.07 

5.63 

0.96 

2.78 

5.74 

1.36 

5.74 

8.18 

6.67 

2.41 

3.09 

5.54 

3.56 

1.81 

3.84 

2.43 

1.69 

1.89 

3.79 

2.89 

5.46 

2.97 

5.05 

2.38 

1.75 

3.95 

3.98 

13.03 

4.70 

5.61 

6.12 

7.06 

1.45 

3.10 

4.56 

5.63 

6.86 

1.87 

2.65 

2.65 

7.49 

1.16 

6.50 

1.74 

7.63 

2.15 

0.92 

6.42 

5.94 

3.55 

2.17 

1.94 

1.12 

3.86 

7.85 

3.32 

4.44 

2.91 

3.96 

6.44 

3.71 

5.65 

1.11 

5.34 

4.43 

4.88 

2.72 

6.56 

54.44 

48.19 

44.43 

53.74 

46.96 

38.33 

48.10 

57.44 

27.86 

25.71 

17.22 

31.29 

23.39 

18.04 

25.40 

26.42 

51 

53 

39 

58 

50 

48 

53 

46 

1898. 


5.82 
5.56 
2.64 
4.32 
7.07 
1.50 
4.58 
8.51 
1.97 
4.84 
6.81 
2.20 


Average 

1870  to 

1898. 


55.82 

32.76 
59 


4.25 
4.22 
3.99 
3.37 
3.75 
3.31 
4.87 
4.74 
3.83 
3.99 
4.29 
3.97 


48.58 

24.65 
50.62 


Discharge  of  Croton  River  in  second-feet. 
[Drainage  area,  338  square  miles.] 


Year. 


1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886- 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 


Jan. 

Feb. 

1,170 

1,388 

173 

715 

610 

391 

1,258 

557 

2,407 

907 

191 

1,327 

466 

1,143 

241 

503 

834 

1,273 

425 

898 

806 

936 

223 

1,4C2 

704 

1.372 

311 

1,235 

626 

1,549 

1.  206 

789 

1.001 

1,587 

801 

1,614 

1,174 

1,547 

1,290 

764 

687 

1,034 

2,005 

1,860 

1,485 

498 

497 

1,064 

519 

697 

1,001 

338 

604 

1,357 

591 

817 

1,107 

1,558 

Mar. 


Apr. 


1,039 
1,030 

511 
1,180 

886 

948 
2,096 
2,013 
1,140 
1,261 

883 
1,782 
1,388 

885 
1.468 

600 

732 
1,081 
1,374 

614 
1,382 
1,282 

614 
2,114 
1,  529 
1,133 
2,315 
1,038 

971 


1,242 
611 
942 

2,155 

1,097 

1,690 

1,934 
914 
512 

1,550 
631 
569 
431 
825 
908 
784 

1,366 
987 

1,468 
780 
996 
877 
429 

1,080 
740 

1,277 
923 
749 
671 


May. 


543 
604 
376 
641 
934 
546 
595 
260 
461 
518 
288 
405 
645 
405 
559 
461 
629 
381 
781 
515 
801 
261 
474 

1,776 
550 
390 
255 
794 

1,492 


June. 

July. 

Aug. 
149 

250 

150 

433 

214 

249 

369 

180 

481 

165 

144 

209 

280 

419 

261 

178 

170 

1,700 

213 

161 

148 

189 

150 

144 

461 

217 

199 

283 

213 

435 

158 

158 

152 

504 

168 

153 

516 

203 

153 

191 

153 

153 

210 

236 

345 

179 

151 

168 

237 

178 

170 

351 

769 

1,043 

421 

195 

325 

432 

477 

1,182 

464 

207 

175 

190 

117 

92 

348 

206 

263 

291 

118 

212 

448 

133 

209 

149 

128 

182 

292 

251 

224 

451 

845 

889 

564 

198 

830 

Sept. 


Oct. 


107| 

190 

376* 

i 

156 

176 

272 
113 
103 
644 
331 
152 
153 
985 
153 
216 
128 
154 
271 
941 
688 
616 
114 
155 
160 
173 
28 
198 
295 
297 


Nov. 


124 
563 
329 
424 
238 
249 
111 
332 
272 
196 
150 
153 
665 
192 
165 
162 
153 
301 
755 
565 
984 
120 
48 
343 
220 
118 
258 
165 
289 


190 

1,031 
808 
548 
223 
620 
215 

1,265 
631 
248 
181 
143 
291 
207 
297 
663 
266 
288 
919 

1,601 
631 
195 
478 
629 

1,022 
250 
525 
423 
736 


Dec. 

187 
617 
424 
990 
286 
538 
348 
576 

2,118 
592 
158 
506 
376 
188 

1,106 
611 
348 
727 

1,539 

1,332 
483 
480 
432 

1,206 
753 
382 
396 
824 

1, 089 


Mean. 

538 
534 
483 
702 
677 
698 
626 
560 
727 
576 
386 
509 
639 
402 
639 
491 
560 
713 
951 
854 
702 
625 
452 
790 
583 
448 
630 
657 
816 
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The  above  figures  of  monthly  and  yearly  yield  of  Croton  River  at 
Croton  dam  for  the  years  1870  to  1890,  inclusive,  have  been  taken  from 
Table  No.  12,  following  page  96  of  the  Report  of  the  Aqueduct  Com- 
missioners, the  additional  figures  being  furnished  by  Mr.  Fteley.  This 
table  gives  the  flow  in  thousands  of  gallons,  and  includes  the  delivery 
through  the  aqueduct.  Mr.  Fteley  states  that  until  1891,  the  total 
volume  of  storage  being  comparatively  small,  its  fluctuations  were  not 
taken  into  account.  From  1891  to  1898  inclusive,  however,  as  new  res- 
ervoirs were  being  added,  allowance  has  been  made  for  the  amount  of 
storage  drawn  down  or  gained  during  each  month. 


ELE.  Z/O 


Fig.  14.— Section  of  new  Croton  dam. 


DELAWARE    RIVER. 


Measurements  of  Delaware  River  have  been  made  at  Lambertville, 
New  Jersey,  as  described  in  previous  publications,  this  point  being 
about  30  miles  below  the  mouth  of  Lehigh  River,  at  Easton,  Pennsyl- 
vania.    Conditions  at  this  locality  have  been  found  most  favorable  for 
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obtaiuiug  the  entire  discharge  of  the  river  above  the  influence  of  the 
tide.  Kesults  of  computations  for  1898  are  shown  in  the  following 
table : 

Estimated  monthly  discharge  of  Delaware  River  at  Lamhertville,  New  Jersey. 

[Drainage  area,  6,855  square  miles.] 


Month. 


1897. 
July  23-31-. 

August 

September  . 

October 

November.. 
December . . 


1898. 

January 

February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November.. 
December  . . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


33,  420 

9,550 

5,475 

30,  060 

66,  540 


49,  740 
61,  260 
48,  780 
39,  660 
45,  420 
23,  820 
10,  300 
38,  700 
18,  575 
26,  220 
42,  060 
34,  860 


61,  260 


Mini- 
mum. 


7,125 
2,600 
2,350 
2,462 
10,  300 


8,100 

11,  900 

12,  700 
9,125 

19,  050 
5,750 
2,500 
8,450 
4,350 
3,500 
11, 100 
12,  700 


2,500 


Mean. 


Total  in  acre- 
feet. 


28,  406 
15,  440 
5,120 
2,948 
13,  214 
24,  845 


21,  455 

28,  538 
27,  676 
18,  233 

29,  336 
10,  746 

4,894 
18, 192 

8,459 
12, 154 
23, 131 
20,  619 


18,  619 


949,  369 
304,  662 
181, 265 
786, 109 
1,  527,  657 


Eun-ofF. 


Depth  in 
inches. 


1.39 
2.59 
0.83 
0.49 
2.15 
4.17 


1,  319,  216 

1,  584,  920 

1,  701,  731 

1,  084,  938 

1,  803,  798 

639,  430 

300,  920 

1, 118,  587 

503,  345 

747,  324 

1,  376,  387 

1,  267,  811 


13,  448,  407 


3.61 
4.33 
4.66 
2.96 
4.94 
1.75 
0.82 
3.06 
1.37 
2.04 
3.76 
3.47 


36.  77 


Second- 
feet  per 
square 
mile. 


4.14 
2.25 
0.75 
0.43 
1.93 
3.62 


3.13 
4.16 
4.04 
2.66 
4.28 
1.57 
0.71 
2.65 
1.23 
1.77 
3.37 
3.01 


2.72 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  16; 
measurements,  page  23 ;  rating  table,  page  24;  results  for  1897  in  Water-Supplj^  and  Irrigation  Paper 
No.  15,  page  7,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  122. 
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FiQ.  15.— Discharge  of  Delaware  River  at  Lambertville,  New  Jersey,  1897  and  1898. 

LEHIGH   RIVER. 

Measurements  of  Lehigh  River  have  been  made  at  Bethlehem,  Penn- 
sylvania, by  students  of  Lehigh  University,  under  the  direction  of 
Mansfield  Merriman,  professor  of  civil  engineering.  The  results  have 
been  recorded  in  various  theses^  on  file  in  the  civil  engineering  depart- 


1  The  authors  and  titles  are  as  follows : 
No.  74.  Jolm  B.  Price,  A  Formula  for  the  Discharge  of  Lehigh  River,  1885. 
No.  103,  William  Bradford,  Discharge  and  Mean  Velocity  of  the  Lehigh  River,  1{ 
No.  178.  James  U.  Boyd,  The  Amount  of  Sediment  Transported  by  Lehigh  River,  1891. 
No.  200.  Rhilip  L.  Cobb,  Utilization  of  Water  Power  of  Lehigh  River,  1892. 
No.  239.  Emott  D.  Buel,  Gaging  Lehigh  River  above  Cal^^pso  Island,  1894. 
No.  245.  James  D.  Ferguson,  Gaging  Lehigh  River  below  the  New  Street  Bridge,  1894. 
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ment  of  this  university.  In  these  theses  the  data  have  been  discussed 
in  relation  to  various  practical  applications. 

The  various  measurements  were  made  by  means  of  floats  of  different 
kinds,  both  surface  and  submerged.  The  height  of  water  was  noted, 
usually,  upon  temporary  gages  located  near  the  places  of  measurement 
and  referred  to  the  Lehigh  Yalley  Railroad  datum  and  also  to  a  per- 
manent gage  located  at  the  north  end  of  the  old  wooden  highway 
bridge  across  the  river  near  the  railroad  station.  This  gage  is  fastened 
to  the  masonry  foundation  of  a  building  immediately  east  of  the  north 
end  of  the  bridge  and  can  be  easily  seen  in  passing.  At  low  stages 
the  water  does  not  reach  the  bottom  of  the  gage. 

The  following  list  gives  the  date  and  estimated  height  of  water  on 
this  gage  and  also  the  computed  discharge,  based  on  float  measure- 
ments. The  figures  for  1862  and  1869  were  obtained  by  leveling  to 
the  high- water  marks  made  during  those  years  and  by  estimating  the 
probable  velocity  of  the  water  passing  through  the  section.  The  meas- 
urement on  October  10,  1881,  gave  a  discharge  of  338  cubic  feet  per 
second,  being  the  lowest  observed  at  Bethlehem;  this  was  believed  to 
be  the  driest  season  for  fourteen  years.  The  two  measurements  of 
1888  depend  upon  a  few  observations  of  surface  floats  and  are  liable  to 
considerable  error. 


Estimated  discharge  of  Lehigh  River  at  Bethlehem,  Pennsylvania. 


Date. 


Flood  of  1862 - 
Flood  of  1869. 
Oct.  10,1881... 
Apr.  7,1885... 
Apr.  10,1885.., 
Apr.  13,1885... 
Apr.  16,1885... 
Apr.  18, 1885... 
Apr.  20, 1885... 
Apr.  27, 1885... 
May    9,1885... 


Gage 
height. 

Discharge 
per  second. 

Feet. 

Cubic  feet. 

21.52 

93, 132 

20.62 

87,  012 

1.81 

338 

5.72 

8,458 

4.69 

4,922 

4.09 

4,171 

3.94 

3,452 

3.67 

2,826 

3.39 

2,618 

3.84 

2,923 

4.51 

4,495 

Date. 


May  11,1885... 
Oct.  15,1885... 
Oct.  22,1885... 
Oct.  14,1887... 
Oct.  21,1887... 
Feb.  21, 1888... 
Mar.  22, 1888... 
May  4,1894... 
May  5,1894... 
May  11,1894... 
May  12,1894... 


Gage 
height. 


Feet. 
3.79 
2.01 
2.61 
2.15 
2.40 
5.88 
7.75 
2.82 
2.82 
2.60 
2.68 


Discharge 
per  second. 


Cubic  feet. 

3,359 

797 

1,336 

881 

1,142 

15,  923 

29,  837 

1,711 

1,774 

1,139 

1,450 


The  elevation  of  the  zero  of  the  gage,  referred  to  the  datum  of  the 
Lehigh  Valley  Eailroad  (practically  the  same  as  the  datum  of  the 
United  States  Coast  and  Geodetic  Survey),  is  213.45  feet,  and  this  is 
locally  understood  to  indicate  the  lowest  stage  of  water.  The  gage  was 
established  prior  to  1878,  i)robably  1870  or  earlier,  but  since  1878  a 
rude  dam,  built  about  200  yards  lower  down  the  stream,  has  caused  at 
low  stages  a  backwater  rise  of  about  1.5  feet  at  the  gage.     The  above 
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gage  heights,  which  are  less  than  4  or  5  feet,  do  not  represent  actual 
heights  of  water  level  above  low  water  or  the  gage  heights  that  would 
have  been  observed  in  the  absence  of  the  dam.  At  stages  greater  than 
6  or  7  feet  the  dam  has  probably  no  influence  on  the  gage  readings. 

Mr.  John  Euddle,  general  supervisor  of  the  Lehigh  Coal  Navigation 
Comi)any,  states  that  he  does  not  know  of  any  systematic  record  that 
has  been  kept  of  the  flow  of  Lehigh  River,  and  the  only  source  of  infor- 
mation is  the  common  report  of  the  inhabitants  along  the  streams.  It 
is  believed  that  the  extreme  low  water  is  less  than  it  was  years  ago,  and 
that  the  river  is  more  subject  to  sudden  rises,  due  to  showers. 

Occasional  measurements  of  discharge  of  Lehigh  Eiver  have  been 
made  at  Easton,  above  the  dam  at  the  mouth  of  the  Lehigh,  these  being 
under  the  direction  of  J.  M.  Porter,  professor  of  civil  engineering  at 
Lafayette  College. 

SCHUYLKILL   RIVER. 

The  Schuylkill  River  receives  the  drainage  of  that  part  of  southeast- 
ern Pennsylvania  lying  between  the  Lehigh  River  on  the  north  and  the 
Susquehanna  River  on  the  south.  It  flows  in  a  general  southeasterly 
course  and  enters  Delaware  River,  the  city  of  Philadelphia  being  located 
at  the  junction  of  these  streams.  Early  in  the  century  a  canal  was  con- 
structed along  Schuylkill  River  for  the  purpose  of  transporting  coal  to 
tide  water,  and  a  number  of  dams  for  diverting  water  into  the  canal 
were  built  at  frequent  intervals.  From  above  one  of  these  the  city  of 
Philadelphia  has  for  many  years  taken  its  principal  water  supply,  and 
observations  have  been  made  of  the  flow  of  the  stream  at  this  point. 
The  comparatively  dense  population  on  the  drainage  basin  of  Schuyl- 
kill River  and  the  development  of  various  industries  has  resulted  in 
pollution  of  the  waters  of  the  stream.  Sewage  from  towns  of  consider- 
able size  is  discharged  directly  into  the  stream,  also  manufacturing 
refuse  and  coal  washings,  rendering  the  water  disagreeable  and  even 
unwholesome.  Many  plans  for  improving  the  water  supply  have  been 
considered,  and  as  a  preliminary  to  projects  for  storing  water  of  other 
streams  careful  measurements  have  been  made  of  a  number  of  creeks 
entering  the  Schuylkill  and  Delaware  rivers  near  their  junction.  These 
are  the  Tohickon,  Perkiomen,  Neshaminy,  and  Wissahickon.  These 
measurements  were  begun  by  Mr.  Rudolph  Hering  and  carried  on  by 
Mr.  John  E.  Codman,  in  charge  of  hydrographic  work,  bureau  of  water 
of  the  city  of  Philadelphia.  Results  are  given  in  the  annual  reports  of 
the  chief  engineer  of  the  Philadelphia  water  department,  beginning  with 
that  for  the  year  of  188G.  The  accompanying  map,  fig.  16,  gives  the 
relative  location  of  the  points  of  river  and  rainfall  observations  in  the 
basins  of  these  streams,  this  being  taken  from  PI.  II  of  the  report  of 
the  Philadelphia  water  department  for  1885. 
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TSTJO' 


Fig.  16.— Relative  location  of  river  and  rainfall  observations  in   basins  of  Tohickon,  Perkiomen, 

Neshaminy,  and  Wissaliickon  creeks. 


PERKIOMEN   CREEK. 


Perkiomen  Greek  drains  an  area  lying  northwest  of  the  city  of  Phil- 
adelphia, as  shown  on  fig.  IG.  It  flows  in  a  southerly  direction,  empty- 
ing into  Schuylkill  Kiver  about  7  miles  above  Norristown  and  about 
18  miles  above  Philadelphia.  The  point  of  measurement  of  discharge 
is  located  at  Frederick,  this  being  about  12  miles  above  the  mouth. 
This  point  is  also  above  two  large  tributaries  known  as  West  Swamp 
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Creek  and  Northeast  Branch  of  Perkiomen.  Both  of  these  tributaries 
have  been  measured — the  first  at  Zieglerville,  and  the  second  near 
Schwenkville.  The  drainage  area  of  the  Perkiomen  above  the  point  of 
measurement  is  given  by  Mr.  Rudolph  Hering  as  152  square  miles,  of 
which  111  are  cultivated  and  improved,  and  41  untillable  and  wooded. 
A  view  of  the  point  of  measurement  is  shown  on  Plate  Y,  B.  The 
following  tables  give  the  discharge  of  this  stream  since  1890. 

Estimated  monthly  discharge  of  Perkiomen  Creek  at  Frederick,  Pennsylvania. 

[Drainage  area,  152  square  miles.] 


Month. 


1890. 

January  

February  

March 

April . 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1891. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October  

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,368 
3,699 
4,048 
1,246 
2,510 

664 
1,018 

803 

876 
1,754 

308 
1,006 


4,048 


3,945 

1,917 

4,803 

870 

243 

117 

812 

1,915 

2,367 

275 

303 

1,225 


4,803 


Mini- 
mum. 


129 

147 

165 

139 

117 

48 

37 

45 

54 

55 

71 

64 


37 


75 

181 

199 

103 

51 

20 

23 

45 

40 

31 

27 

51 


20 


Mean. 


271 
524 
735 
355 
422 
127 
142 
146 
178 
309 
119 
149 


290 


699 

612 

615 

247 

88 

49 

111 

270 

209 

74 

80 

379 


Total  in  acre- 
feet. 


286 


16,663 

29, 101 

45, 193 

21, 123 

25,  947 

7,557 

8,731 

8,977 

10,  591 

18,999 

7,080 


9,161 


209, 123 


42,  980 

33,  988 

37,  815 

14,  697 

5,410 

2,915 

6,825 

16,  601 

12, 436 

4,550 

4,  760 

23,  303 


206,  280 


Run-oif. 


Depth  in 
inches. 


2.05 
3.59 
5.59 
2.61 
3.18 
0.93 
1.07 
1.10 
1.30 
2.34 
0.87 
1.13 


25.76 


5.31 
4.18 
4.66 
1.82 
0.66 
0.36 
0.84 
2.05 
1.54 
0.56 
0.59 
2.87 


Second- 
feet  per 
square 
mile. 


1.78 
3.45 
4.84 
2.34 
2.76 
0.84 
0.93 
0.95 
1.17 
2.02 
0.78 
0.98 

1.90 


25.44 


4.60 
4.02 
4.04 
1.63 
0.58 
0.32 
0.73 
1.78 
1.38 
0.49 
0.53 
2.49 


1.89 
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Estimated  monthly  discharge  of  PerMomen  Creeh  at  Frederick,  Pennsylvania— QoniurnQd. 

[Drainage  area,  152  square  miles.] 


Month. 


1892. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1893. 

January  

February  

March 

April 

May 

June 

July 

August 

September  . ... 

October 

November 

December 

The  year 

1894. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

3,769 

158 

634 

217 

96 

160 

2,073 

145 

536 

265 

87 

158 

1,491 

71 

241 

479 

41 

■     124 

557 

18 

101 

571 

24 

100 

90 

20 

44 

43 

4 

27 

2,836 

26 

288 

550 

33 

156 

3,769 

4 

214 

1,169 

93 

192 

3,247 

147 

592 

3,546 

168 

649 

1,537 

101 

317 

5,139 

84 

428 

197 

37 

72 

118 

14 

39 

1,166 

13 

129 

978 

21 

84 

1,939 

24 

114 

1,470 

41 

250 

1,091 

98 

241 

5,139 

13 

259 

168 

55 

93 

1,284 

68 

355 

1,045 

126 

314 

1,119 

93 

233 

8,769 

36 

885 

509 

60 

154 

571 

23 

77 

154 

14 

45 

2,490 

14 

236 

2,335 

36 

219 

908 

70 

252 

4,132 

78 

374 

8,  769 

14 

269 

Total  in  acre- 
feet. 


38,  983 
9,203 

32,  957 
9,401 

14,  818 
7,378 
6,210 
6,148 
2,618 
1,660 

17, 137 
9,592 


156, 105 


11,  805 

32,  877 

39,  905 

18,  862 

26,  316 

4,284 

2,398 

7,931 

4,998 

7,010 

14,  876 

14,  818 


186. 080 


5,718 
19,  715 
19,  307 

13,  864 
54,  416 

9,163 
4,734 
2,766 

14,  042 

13,  465 

14,  995 
22,  996 


Kun-oflf. 


Depth  in 
inches. 


195, 181 


4.82 
1.12 
4.07 
1.16 
1.83 
0.91 
0.76 
0.76 
0.32 
0.21 
2.11 
1.19 


19.46 


1.45 
4.05 
4.93 
2.32 
3.24 
0.53 
0.30 
0.98 
0.61 
0.86 
1.83 
1.83 


22.93 


0.70 
2.43 
2.39 
1.71 
6.72 
1.13 
0.59 
0.35 
1.73 
1.66 
1.85 
2.84 


24.10 


Second- 
feet  per 
square 
mile. 


4.17 
1.05 
3.53 
1.04 
1.59 
0.82 
0.66 
0.66 
0.29 
0.18 
1.89 
1.03 


1.41 


1.26 
3.89 
4.27 
2.08 
2.81 
0.47 
0.26 
0.85 
0.55 
0.75 
1.64 
1.59 


1.70 


0.61 
2.34 
2.07 
1.53 
5.82 
1.01 
0.51 
0.30 
1.55 
1.44 
1.66 
2.46 


1.78 
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Estimated  monthly  discharge  of  Perkiomen  Creek  at  Frederick,  Pennsylvania — Continued. 

[Drainage  area,  152  square  miles.] 


Month. 


1895. 
January . . . 
February  . 

Marcli 

April 

May 

•Tune 

July 

August 

September 
October . . . 
November  . 
December  . 


The  year 

1896. 

January  . 

February  ... 

Marcli 

April 

May 

June 

July 

August 

September  . . 

October 

November . . . 
December  . . . 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

2,372 

80 

404 

820 

86 

182 

1,528 

161 

516 

4,203 

126 

475 

348 

59 

129 

140 

28 

59 

667 

21 

93 

133 

18 

37 

38 

4 

23 

177 

5 

32 

131 

18 

51 

1,191 

25 

120 

4,203 

4 

177 

379 

20 

78 

'     6, 789 

52 

490 

3, 150 

55 

504 

351 

66 

132 

300 

23 

61 

177 

28 

65 

1,938 

23 

264 

123 

17 

40 

758 

20 

88 

2,711 

33 

195 

2,439 

42 

274 

236 

36 

107 

6,789 

17 

191 

Total  in  acre- 
feet. 


24, 841 

10, 107 

31, 727 

28, 264 

7,931 

3,510 

5,718 

2,275 

1,368 

1,967 

3,034 

7,378 


128, 120 


4,796 

28, 185 

30,  989 

7,854 

3,750 

3,867 

16,  232 

2,459 

5,236 

11,  990 

16,  304 

6,579 

138,  241 


Run-off. 


Depth  in 
inches. 


3.07 
1.25 
3.91 
3.49 
0.98 
0.44 
0.70 
0.28 
0.17 
0.24 
0.38 
0.91 


16.82 


0.59 
3.46 
3.83 
0.97 
0.46 
0.48 
2.01 
0.30 
0.64 
1.48 
2.01 
0.81 

17.04 


Second- 
feet  per 
square 
mile. 


2.66 
1.20 
3.39 
3.13 
0.85 
0.39 
0.61 
0.24 
0.15 
0.21 
0.34 
0.79 


1.16 


0.51 
3.22 
3.32 
0.87 
0.40 
0.43 
1.74 
0.26 
0.58 
1.28 
1.80 
0.70 

1.31 
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Estimated  monthly  discharge  of  Perkiomen  Creek  at  Frederick,  Pennsylvania — Continued. 

[Drainage  area,  152  square  miles.] 


Month . 


Maxi- 
mum. 


1897. 

January  

February   

March 

April 

May 

June 

July 

August 

September 

October  

November 

December 

The  year  . 

1898. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . 


1,291 
4,083 

730 
1,643 
4,747 

899 
1,901 

213 

159 

89 

3,089 

2,561 


4,747 


2,758 

5,552 

899 

658 

3,493 

113 

115 

393 

61 

475 

3,808 

3,  406 


5,552 


rge  in  second-feet. 

Mini- 
mum. 

1 
Mean. 

38 

156 

46 

429 

98 

241 

61 

224 

82 

525 

35 

126 

29 

205 

26 

78 

8 

39 

8 

29 

34 

238 

71 

365 

8 

221 

37 

338 

114 

487 

74 

206 

95 

229 

131 

505 

36 

57 

18 

44 

24 

83 

12 

31 

18 

78 

45 

419 

70 

428 

12 

242 

Total  in  acre- 
feet. 


9; 

23 
14 

13 
32 

7; 

12 

4 
2 
1 

l-i 
22 


159 


20 
27 
12 
13 
31 
3 
2 


1 

4 

24 

26 


174 


592 
825 
818 
328 
281 
497 
605 
796 
320 
783 
161 
443 


449 


782 
046 
666 
626 
051 
391 
705 
103 
844 
796 
932 
316 


258 


Run-off. 


Depth  in 
inches. 


1.17 
2.93 
1.82 
1.64 
3.98 
0.92 
1.55 
0.60 
0.29 
0.22 
1.74 
2.77 


19.63 


2.56 
3.33 
1.57 
1.68 
3.83 
0.43 
0.33 
0.62 
0.22 
0.59 
3.07 
3.25 


21.48 


Second- 
feet  per 
square 
mile. 


1.02 
2.82 
1.58 
1.47 
3.45 
0.83 
1.35 
0.52 
0.26 
0.19 
1.57 
2.40 


1.45 


2.22 
3.20 
1.36 
1.51 
3.32 
0.38 
0.29 
0.54 
0.20 
0.51 
2.76 
2.82 


1.98 
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Fig.  17.— Discharge  of  Perkiomen  Creek,  1891-1898. 


WISSAHICKON   CREEK. 

This  stream  receives  water  from  an  area  southeasterly  from  that 
drained  by  the  Perkiomen,  and  between  the  hitter  and  the  Little 
Neshaminy.  It  enters  Schuylkill  River  a  short  distance  above  Phila- 
delphia. Measurements  of  flow  were  begun  in  April,  1897,  the  work 
being  done  under  the  direction  of  Mr.  John  E.  Oodman,  in  charge  of 
hydrographic  work  for  the  bureau  of  water  of  Philadelphia.  A  suit- 
able locality  for  making  current  meter  measurements  was  found  about 
100  yards  above  the  mouth,  and  a  sufficient  number  of  observations 
were  taken  to  plot  a  curve  of  flow.  These  data  were  compared  with 
the  computed  discharge  over  a  stone  dam.     In  August,  1897,  an  auto- 
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matic  recording  stream  gage  or  nilometer  was  established.  Results 
have  been  computed  as  given  in  the  annual  report  of  the  bureau  of 
water  of  Philadelphia  for  the  year  ending  December  31,  1897. 

Estimated  monthly  discharge  of  Wissahickon  Creek,  100  yards  above  mouth. 

[Drainage  area,  64.6  square  miles.] 


Montli. 


1897. 

May 

June 

July 

August 

September  . ... 

October 

November 

December 

1898. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


345 
1,384 

2,817 
550 
102 
89 
432 
833 


751 

1,512 

357 

235 

744 

125 

243 

858 

33 

70 

918 

923 


1,512 


Mini- 
mum. 


69 
67 
32 
78 
29 
24 
28 
65 


64 
92 
78 
75 
73 
46 
26 
26 
19 
15 
23 
75 


15 


Mean. 


95 

148 

204 

147 

47 

32 

71 

127 


139 

176 

110 

103 

162 

71 

43 

111 

*  22 

28 

118 

163 


Total  in  acre- 
feet. 


104 


5,841 
8,806 
12,  543 
9,038 
2,796 
1,967 
4,224 
7,808 


8,546 
9,774 
6,763 
6,128 
9,961 
4,224 
2,643 
6,825 
1,309 
1,721 
7,021 
10,  022 


74,  937 


E.un-oflf. 


Depth  in 
inches. 

1.69 

2.54 

3.67 

2.62 

0.81 

0.58 

1.22 

2.26 

2.48 
2.84 
1.96 
1.79 
2.90 
1.23 
0.77 
1.98 
0.39 
0.51 
2.04 
2.91 


21.80 


Second- 
feet  per 
square 
mile. 


1.47 
2.28 
3.16 
2.27 
0.73 
0.50 
1.09 
1.96 


2.15 
2.73 
1.70 
1.60 
2.51 
1.10 
0.67 
1.72 
0.35 
0.44 
1.83 
2.52 


1.61 
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JAN. 
10  20 

FEB. 
10  20 
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10  20 
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i 

i 

to 

^ 

J 

^ 

i 

b^ 
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J 

L 

d 

i 

J 

iJ 
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5,500 

5,000 

4,500 

4,000 

3,500 

3,000 

2,500 

2,000 

1,500 

1,000 

500 
0 
5,  500 
5,000 
4.500 
4,000 
3,500 
3,  000 
2,  500 
2.000 
1,500 
1,000 

500 

0 

Fig.  18.— Di.scharge  of  Wissahickon  Creek,  1897  and  1898. 

SCHUYLKILL   RIVER   NEAR   PHILADELPHIA. 

Records  of  the  height  of  Schuylkill  River  have  been  kept  at  Fair- 
mount  Pool  for  many  years,  but  these  have  been  in  such  form  as  to  be 
incapable  of  being  interpreted  into  daily  discharges.  In  1898,  how- 
ever, careful  estimates  were  prepared  by  Mr.  John  E.  Oodman  showing 
the  total  flow  of  Schuylkill  River  at  this  point,  the  results  being  given 
in  the  following  table. 

The  quantity  of  low-water  flow  has  been  of  especial  importance  in 
considerations  of  supply  for  the  city  of  Philadelphia.  The  matter  has 
been  discussed  by  Mr.  Edwin  F.  Smith  in  a  paper  before  the  Engineers' 
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Club  of  Philadelphia,  in  189G.  The  data  contained  in  this  discussion 
have  been  reprinted  in  the  annual  report  of  the  bureau  of  water  of 
Philadelphia  for  the  year  ending  December  31,  1898,  page  78. 

Estimated  monthly  discharge  of  Schuylkill  River  at  Fairmount  dam. 

[Drainage  area,  1,915  square  miles.] 


Mouth. 


1898. 
January . . . 
February   . 

March 

April  

May 

June 

July 

August.  --  - 
September 
October  . . . 
November . 
December  . 


Discharge  iu  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

14,  539 

238 

3,391 

23,271 

25 

3,015 

6,  283 

62 

1,712 

7,650 

780 

2,352 

19,  543 

978 

4,815 

1,177 

483 

1,430 

a  531 

11,  678 

206 

4,129 

1,588 

a  643 

17,  200 

112 

3,175 

21,  722 

56 

2,072 

Total  in  acre- 
feet. 


Run-ofif. 


Depth  in 
inches. 


208, 504 
167,  444 
105,  267 
139,  954 
296,  063 
a  28,  740 
a  32,  650 
253,  882 


2.04 
1.62 
1.02 
1.37 
2.91 
a  0.28 
a  0.32 
2.48 


a  39,  536 
188,  926 
127,  402 


a  0.38 
1.85 
L25 


Second- 
feet  per 
square 
mile. 


L77 
1.56 
0.89 
1.23 
2.52 
rtO.  25 
rtO.28 
2.15 


a  0.33 
1.66 
1.08 


a  Approximate. 


Sec.-ft. 
24, 000 

22,  000 

20,  000 

18,  000 

16,000 

14,01)0 

12,0  JO 
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0 
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10  20 

.      FEB. 
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10  20 
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10  20 
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10  20  1   1 
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0  20 

SEPT. 
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_J 

1 

ii 
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1, 

1 

II 

1 

1 

i 

1 

1 

.1 

I 
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w  11  mi  -^"T    ' 

L 

L 

J 
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jI 

HJ 

I- 

i 

^ 

1 

m 

Fig.  19.— Discharge  of  Schuylkill  Kiver  at  Fairmount  dam,  near  Philadeli)hia,  1898. 
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TOHICKON   CREEK. 


Tohickon  Creek  drains  an  area  of  102  square  miles  in  Bucks  County, 
north  of  Philadelphia.  It  flows  in  an  easterly  course,  entering  Dela- 
ware River  about  8  miles  above  Lambertville,  New  Jersey.  In  a 
statement  by  Mr.  Rudolph  Hering,  printed  in  the  report  of  the  Phila- 
delphia water  department  for  1885,  on  page  350,  is  given  a  classification 
of  the  drainage  area  of  Tohickon  Creek,  from  which  it  appears  that  76 
square  miles  is  cultivated  and  improved  and  26  square  miles  untillable 
and  wooded.  Measurements  of  the  discharge  of  the  creek  are  made 
near  its  mouth  at  Point  Pleasant.  Rain  gages  are  located  within  the 
drainage  basin  at  Quakertown,  also  at  a  point  about  3  miles  north  of 
Bedminster,  and  near  Point  Pleasant.  The  following  table  gives  the 
estimated  monthly  discharge  since  1890. 

The  accompanying  plate  (PL  Y,  A)  shows  the  weir  and  nilometer  on 
Tohickon  Creek  at  Point  Pleasant.  By  means  of  this  instrument  an 
automatic  record  is  kept  of  the  height  of  water  passing  over  the  weir. 
From  this  the  average  daily  height  is  computed,  and  the  corresponding 
discharge.  Plate  V,  B,  is  a  view  of  a  similar  nilometer  on  Perkiomen 
Creek,  at  Frederick,  Pennsylvania.  This  also  shows  the  suspension 
bridge  from  which  discharge  measurements  are  made. 


Estimated  monthly  discharge  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania. 

[Drainage  area,  102.2  square  iniles.] 


Montli. 


1890. 

January  

February  . . . 

March 

April 

May  . 

June 

July 

August 

September  .  . 

October 

November . . . 
December  ... 

The  year 


Disoliarjje  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

1,586 

45 

181 

2,512 

75 

371 

2,942 

64 

602 

778 

36 

165 

1,967 

24 

270 

485 

16 

68 

687 

4 

79 

478 

9 

81 

797 

10 

112 

2,624 

18 

320 

249 

21 

63 

1,044 

28 

135 

2,942 

4 

204 

Total  in  acre- 
feet. 


11,  129 

20,  604 

36,  954 

9,818 

15,  601 

4,046 

4,857 

4,980 

6,664 

19,  676 

3,  748 

8,300 


Run-off. 


Depth  in 
inches. 


146,  377 


2.04 
3.79 
6.80 
1.81 
3.06 
0.74 
0.89 
0.91 
1.23 
3.61 
0.69 
1.52 


Second- 
feet  per 
square 
mile. 


1.77 
3.64 
5.89 
1.62 
2.65 
0.67 
0.77 
0.79 
1.10 
3.13 
0.62 
1.32 


27.09 


2.00 


0 
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Estimated  monthly  discharge  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania — Cont'd. 

[Drainage  area,  102.2  square  miles.] 


Month. 


1891. 

January  

February  

JVIarch 

April 

IMay 

June 

July 

August 

September  . . . . 

October 

November 

December 

The  year 

1892. 

January 

February  

March 

April 

May  

June 

July 

August 

September 

October 

November 

December 

The  year 


Maxi- 
mum. 


2,451 

1,726 

2,858 

814 

61 

35 

611 

3,159 

598 

212 

386 

1,670 


2,858 


3,158 
237 

1,645 
191 

1,333 
555 
455 
101 
227 
17 

2,962 
623 


3,158 


rge  in  second-feet. 

Mini- 
mum. 

Mean. 

57 

545 

97 

540 

79 

446 

27 

144 

12 

25 

6 

17 

3 

81 

14 

349 

7 

85 

5 

39 

rr 
4 

58 

33 

379 

3 

226 

79 

580 

35 

116 

65 

433 

33 

77 

39 

188 

14 

65 

5 

45 

8 

29 

5 

24 

4 

8 

6 

292 

49 

148 

4 

167 

Total  in  acre- 
feet. 


33 
29 
27 
8 
1 
1 
4 

21 
5 
2 
3 

23 


162 


35 

6 
26 

4 
11 

2 
1 
1 

17 
9 


121 


511 
990 
423 
568 
537 
Oil 
980 
459 
057 
398 
451 
303 


688 


663 
672 
624 
581 
559 
867 
766 
783 
428 
491 
375 
100 


Run-off. 


Depth  in 
inches. 


909 


6.15 
5.50 
5.03 
1.57 
0.28 
0.19 
0.91 
3.93 
0.92 
0.44 
0.63 
4.29 


29.84 


6.55 
1.22 
4.89 
0.83 
2.12 
0.71 
0.51 
0.32 
0.27 
0.09 
3.18 
1.67 


22.36 


Second- 
feet  per 
square 
mile. 


5.33 
5.28 
4.36 
1.41 
0.24 
0.17 
0.79 
3.41 
0.83 
0.38 
0.57 
3.71 


2.21 


5.68 
1.15 
4.24 
0.75 
1.84 
0.64 
0.44 
0.28 
0.24 
0.08 
2.86 
1.45 


1.64 


100 


PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


Estimated  monthly  discharge  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania — Cont'd. 

[Drainagje  area,  102.2  square  miles.] 


Month. 


1893. 

January 

February  ... 

MarcTi 

April 

May 

June 

July 

August 

September  .. 

October 

November 

December  . . . 

The  year 

1894. 
January  . . . . 
February    . . . 

March 

April  

May 

June 

July 

August 

September  . . 

October 

November  . . . 
December  . . . 

The  year 


Dischar 

ge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

1,406 

53 

197 

2,597 

73 

655 

2,400 

78 

402 

1,903 

41 

293 

2,994 

31 

333 

217 

9 

40 

25 

3 

10 

1,814 

3 

139 

834 

13 

76 

506 

10 

55 

1,288 

46 

244 

1,593 

75 

275 

2,994 

3 

227 

137 

41 

71 

1,606 

65 

373 

1, 174 

61 

275 

1,283 

47 

209 

8,650 

16 

760 

267 

6 

49 

68 

3 

17 

35 

4 

10 

3,  556 

2 

306 

1,674 

7 

186 

1,193 

39 

245 

3,342 

42 

316 

8,650 

2 

235 

Total  in  acre- 
feet. 


12,  113 

36,  376 

24,  718 

17,  434 

20,  475 

2,380 

615 

8,546 

4,  522 

3,381 

14,  518 

16,  909 


161,  987 


4,365 

20,  715 

16,  910 

12,  436 

46,  730 

2,  915 

1,045 

614 

18,  208 

11,  436 

14,  578 

19, 430 


169,  382 


Run-off. 


Depth  in 
inches. 


2.22 
6.66 
4.53 
3.20 
3.76 
0.44 
0.12 
1.57 
0.82 
0.62 
2.67 
3.10 


29.71 


0.79 
3.79 
3.12 
2.29 
8.58 
0.54 
0.20 
0.12 
3.34 
2.10 
2.68 
3.57 


31.12 


Second- 
feet  per 
square 
mile. 


1.93 
6.41 
3.93 
2.87 
3.26 
0.39 
0.10 
1.36 
0.74 
0.54 
2.39 
2.69 


2.22 


0.69 
3.65 
2.70 
2.05 
7.44 
0.48 
0.17 
0.10 
3.00 
1.82 
2.40 
3.09 


2.30 
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Estimated  monthly  discharge  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania — Cont'd. 

[Drainage  area,  102.2  square  miles.] 


Month. 


1895. 

January 

February  .. 

March 

Ajiril 

May 

June 

July 

August 

September  . 

October 

November . . 
December  .. 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,942 

902 

1,519 

3,  857 

351 

58 

648 

310 

6 

27 

78 

420 


The  year 3,  857 


1896. 

January 

February  .. 

March 

April 

May 

June 


327 
6,  515 
3,343 

297 

145 

35 


July 2,417 


August. ... 
September 
October  . . . 
November  . 
December  . 


113 
1,665 
1,130 
1,851 

289 


The  year I     6,  515 


Mini- 
mum. 


62 

35 

114 

41 

23 

7 

7 

4 

2 

2 

9 

6 


4 

47 
35 
20 
7 
4 
5 
3 
3 

10 
19 
27 


Mean. 


351 

167 

476 

426 

62 

25 

71 

32 

3 

8 

20 

59 


142 


48 
435 
486 

67 

27 

16 
225 

16 
102 

94 
214 

71 


150 


Total  in  acre- 
feet. 


21,  582 

9,274 

29,  268 

25,  348 

3,812 

1,487 

4,365 

1,967 

178 

491 

1,190 

3,628 


102,  590 


2,951 

25, 021 

29,  883 

3,986 

1,660 

952 

13,  388 

983 

6,069 

5,779 

12,  733 

4,365 


Run -off. 


Depth  in 
inches. 


107,  770 


3.97 
1.70 
5.37 
4.65 
0.70 
0.28 
0.81 
0.36 
0.03 
0.09 
0.22 
0.67 


18.85 


0.54 
4.58 
5.49 
0.73 
0.30 
0.18 
2.54 
0.18 
1.11 
1.06 
2.33 
0.79 


19.83 


Second - 

feet  per 

square 

mile. 


3.44 
1.64 
4.66 
4.17 
0.61 
0.25 
0.70 
0.31 
0.03 
0.08 
0.20 
0.58 


1.39 


0.47 

4.26 

4.76 

0.66 

0.26 

0.16 

2.21 

0.16 

1 

0.92 

2.09 

0.69 


1.47 
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Estimated  monthly  discharge  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania — Cont'd. 

[Drainage  area,  102.2  square  miles.] 


Month. 


1897. 

January  

February  

March 

April  

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1898. 

January 

February 

March  

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,221 
2,312 

927 
1,454 
3,683 
2,389 
1,817 

745 

42 

21 

1,400 

3,135 


3,683 


2,890 

4,160 

1,078 

810 

2,940 

65 

20 

574 

15 

512 

3,451 

2,932 


4,160 


Mini- 
mum. 


23 

49 

47 

15 

20 

9 

4 

8 

4 

3 

6 

49 


36 

65 

39 

53 

69 

4 

2 

5 

4 

3 

27 

23 


Mean. 


160 

287 

194 

142 

411 

157 

238 

65 

11 

•7 

163 

362 


183 


328 
397 
162 
195 
447 

17 
7 

66 
8 

54 
412 
375 


206 


Rur 

Total  in  acre- 
feet. 

Depth  in 
inches. 

9,838 

1.81 

15,  939 

2.92 

11,  928 

2.19 

8,449 

1.55 

25,  271 

4.63 

9,342 

1.72 

14,  634 

2.68 

3,996 

0.72 

654 

0.12 

430 

0.07 

9,699 

1.79 

22,  258 

4.09 

132, 438 

24.29 

20, 168 

3.70 

22,  048 

4.05 

9,961 

1.83 

11,  603 

2.13 

27, 485 

5.05 

1,011 

0.19 

430 

0.08 

4,058 

0.75 

476 

0.09 

3,320 

0.61 

24, 515 

4.49 

23,  058 

4.24 

148, 133 

27.21 

Second- 
feet  per 
square 
mile. 


1.57 

2.81 
1.90 
1.39 
4.02 
1.54 
2.32 
0.63 
0.11 
0.07 
1.60 
3.54 


1.79 


3.21 
3.89 
1.59 
1.91 
4.37 
0.17 
0.07 
0.65 
0.08 
0.53 
4.03 
3.67 


2.01 
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Sec.-Ft. 


Fio.  20.— Discharffe  of  Tohickon  Creek,  1891-1898. 


NESHAMINY    CREEK. 


The  drainage  basin  of  Neshaminy  Creek  is  immediately  south  of  that 
of  Tohickon  Creek  and  of  a  portion  of  that  of  Perkiomeu  Creek.  The 
stream  flows  in  a  general  southeasterly  and  southerly  course,  entering 
Delaware  River  at  a  point  about  12  miles  above  Philadelphia.  The  point 
of  measurement  is  at  the  forks  of  Big  and  Little  Neshaminy  creeks. 
The  drainage  area  at  this  point  is  139.3  square  miles,  of  which  128.2  are 
cultivated  and  improved  and  11.1  miles  untillable  and  Avooded.  The 
accompanying  view  (PI.  YI,  A)  shows  the  weir  on  Neshaminy  Creek,  in 
Rush  Valley,  and  Plate  YI,  B  shows  the  suspended  bridge  at  the  point  of 
measurement,  also  in  Rush  Yalley.     Another  view,  on  Plate  YII,  shows 
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the  high-water  gage  on  the  Little  Neshaminy  at  the  forks,  this  having 
been  located  for  the  purpose  of  obtaining  the  automatic  record  of  the 
height  of  water  during  the  sudden  floods  which  occur  within  this  area. 
The  gage  is  so  arranged  that  a  metal  float  is  raised  by  the  water,  but 
is  i)rovided  with  a  catch,  so  that  it  can  not  fall  until  released  by  hand. 


Estimated  monthly  discharge  of  Neshaviiny  Creek  heloiv  forJcc. 
[Drainage  area,  139.3  square  miles.] 


Month, 


1890. 

January  

February  ... 

March 

April 

May 

June ....... 

July 

August 

September  . 

October 

November . . . 
December ... 


The  year 

1891. 

January  

February  

March 

April 

May 

June 

July 

August 

September  . . . . 

October 

November . 

December 


Discliarffe  in  second-feet. 


Maxi- 
mum. 


1,391 

2,  818 

2,990 

666 

1,986 

1,150 

566 

670 

180 

2,400 

231 

848 


2,990 


The  year 


3,257 

1,  585 

3,046 

931 

83 

126 

214 

3.  276 

1,  939 

340 

261 

1,622 


3,276 


Mini- 
mum. 


80 
111 
132 
61 
47 
27 
15 
10 
18 
28 
52 
56 


10 


128 
193 
182 
55 
26 
15 
14 
17 
22 
12 
29 
50 


12 


Mean. 


201 

397 

620 

222 

.181 

133 

73 

63 

39 

262 

98 

165 


204 


703 

600 

525 

182 

39 

31 

40 

235 

157 

65 

73 

366 


251 


Total  in  acre- 
feet. 


12,  359 
21,  993 
38, 122 

13,  209 
11, 129 

7,914 
4,488 
3,874 
2,320 

16, 109 
5,831 

10, 145 


147,  493 


43,  226 

32,  322 

32,  281 

10,  829 

2,398 

1,844 

2,459 

14, 449 

9,342 

3,996 

4,343 

22,  504 


Hun  -off. 


Depth,  in 
inches. 


180,  993 


1.67 
2.97 
5.14 
1.77 
1.50 
1.07 
0.60 
0.52 
0.31 
2.17 
0.79 
1.37 


19.88 


5.82 
4.48 
4.35 
1.46 
0.32 
0.24 
0.33 
1.95 
1.26 
0.54 
0.58 
3.03 


Second- 
feet  per 
square 
mile. 


1.45 
2.85 
4.45 
1.59 
1.30 
0.96 
0.52 
0.45 
0.28 
1.88 
0.71 
1.19 


1.47 


5.05 
4.31 
3.77 
1.31 
0.28 
0.22 
0.29 
1.69 
1.13 
0.47 
0.52 
2.63 


24.  36 


1.81 
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Estimated  monthly  discliarge  of  NesJiaminy  Creek  below  forks — Continued. 

[Drainage  area,  139.3  square  miles.] 


Month. 


1892. 

January  

February  ... 

IVIarcb 

April  

JMay 

June 

July 

August 

September  . . 

October 

November 

December 

The  year 

1893. 

January 

February  ... 

IMarcb 

April 

May 

June 

July 

August 

September  . . 

October 

November . . . 
December  . . . 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


3,584 

191 

2,582 

193 

492 

140 

519 

69 

96 

8 

2,346 

559 

3,584 


1,678 

2,727 

2,436 

2,448 

3,154 

284 

25 

1,692 

749 

481 

759 

1,938 


3,154 


Mini- 
mum. 


144 

77 

114 

87 

50 

26 

14 

10 

3 

4 

5 

47 


90 

179 

133 

85 

63 

24 

8 

5 

27 

18 

59 

102 


Mean. 


627 

125 

431 

126 

194 

71 

66 

24 

13 

5 

220 

127 


169 


242 

661 

565 

363 

358 

56 

16 

132 

72 

70 

322 

316 


264 


Total  in  acre- 
feet. 


38,  552 
7,190 

26,  501 
7,497 

11,  928 

4,225 

4,058 

1,476 

774 

307 

13,  091 
7,809 


123,  408 


Run-off. 


14,  880 
36,  710 
34,  740 

21,  599 

22,  012 
3,  332 

983 

8,116 

4,284 

4,304 

19, 160 

19,  430 


Depth  in 
inches. 


189,  550 


5.20 
0.97 
3.57 
1.00 
1.60 
0.56 
0.54 
0.20 
0.10 
0.04 
1.76 
1.05 


16.59 


2.01 
4.94 
4.69 
2.91 
2.97 
0.46 
0.14 
1.09 
0.58 
0.58 
2.58 
2.62 


25.57 


Second- 
feet  per 
square 
mile. 


4.50 
0.90 
3.09 
0.90 
1.39 
0.50 
0.47 
0.17 
0.09 
0.04 
1.58 
0.91 


1.21 


1.74 
4.76 
4.06 
2.61 
2.57 
0.41 
0.12 
0.95 
0.52 
0.50 
2.31 
2.27 


1.90 
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Estimated  monthly  discharge  of  Neshaminy  Creek  helotv  forks — Continued. 

[Drainage  area,  139.3  square  miles.] 


Month. 


1894. 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1895. 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second  feet. 


Maxi- 
mum. 


188 

1,090 

934 

1,521 

9,012 

368 

212 

400 

3,197 

1,715 

1,371 

1,824 


9,012 


2,289 

903 

1,635 

3,234 

225 

202 

664 

1,225 

11 

34 

34 

573 


3,234 


Mini- 
mum. 


67 

6 

131 

97 

36 

45 

19 

7 

5 

34 

96 

110 


98 

98 

149 

101 

39 

25 

18 

9 

4 

4 

7 

6 


Mean. 


95 

37 

323 

250 

895 

143 

52 

41 

284 

180 

296 

279 


240 


412 

237 

515 

417 

84 

68 

106 

81 

7 

10 
14 
49 


167 


Total  in  acre- 
feet. 


5,841 

2,054 

19,  799 

14,  876 

55,  031 

8,792 

3,197 

2,521 

16, 899 

11,  067 

17,  613 

17, 155 


174,  845 


25,  333 

13, 162 

31,  666 

24,  813 

5,164 

4,046 

6,517 

4,980 

4,165 

614 

833 

3,012 


Run-oflf. 


Depth  in 
inches. 


124,  305 


0.78 
0.28 
2.69 
2.00 
7.39 
1.16 
0.43 
0.33 
2.27 
1.49 
2.37 
2.31 


23.50 


3.41 
1.76 
4.26 
3.33 
0.69 
0.54 
0.87 
0.67 
0.06 
0.08 
0.11 
0.40 


16.18 


Second- 
feet  per 
square 
mile. 


0.68 
0.27 
2.32 
1.79 
6.42 
1.04 
0.37 
0.29 
2.04 
1.29 
2.13 
2 


1.72 


2.96 
1.70 
3.70 
2.99 
0.60 
0.48 
0.76 
0.58 
0.05 
0.07 
0.10 
0.35 


1.19 
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Estimated  monthly  discharge  of  Neshaminy  Creek  below  forks — Continued. 

[Drainage  area,  139.3  square  miles.] 


Month. 


1896. 

January  

February  .... . 

Marcli 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1897. 

January  

February  

Marcli 

April 

May 

June 

July 

August 

September  . . . . 

October 

November 

December 

The  year 

1898. 

January 

February  

March 

April  

May 

June 

July 

August 

September 

October 

November 

December 

The  year . . 


Discharge  in  second-feet. 


Maxi- 
mum. 


565 

8,707 

5,408 

286 

135 

236 

1,373 

71 

765 

1,480 

1,  305 

306 


8,707 


1,856 

2,973 

700 

1,750 

2,215 

4,677 

3,083 

1,075 

43 

85 

1,354 

2,696 

4,677 


2,985 
5,076 
1,232 

782 
3,153 

117 

66 

1,  615 

24 

176 
3,  529 
3,059 


5,076 


Mini- 
mum. 


14 
39 

57 
81 
23 
17 
13 
10 
8 
19 
28 
30 


8 


31 
41 
88 
65 
74 
48 
27 
49 
19 
10 
36 
91 


10 


88 

105 

77 

77 

129 

28 

14 

22 

6 

6 

17 

85 


Mean. 


71 
611 
528 
133 

46 

50 
126 

25 
120 
112 
190 
106 


176 


156 
339 
210 
191 
331 
307 
358 
130 
27 
20 
147 
395 


218 


374 

469 

199 

211 

459 

55 

23 

128 

12 

27 

376 

418 


229 


Total  in  acre- 
feet. 


4 

35 
32 
7 
2 
2 
7 
1 
7 
6 
11 
6 


126 


9 

18 

12 

11 

20 

18 

22 

7 

1 

1 

24 


157 


22 

26 
12 
12 

28 
3 
1 

7, 

1 
22 

25 


165 


365 
146 
465 
914 
828 
975 
747 
537 
140 
886 
305 
519 


827 


776 
494 
912 
365 
352 
267 
012 
993 
606 
229 
747 
288 


041 


996 
046 
236 
555 
222 
272 
414 
870 
714 
660 
373 
701 


059 


Run-oif. 


Depth  in 
inches. 


0.59 
4.73 
4.38 
1.07 
0.38 
0.40 
1.04 
0.21 
0.95 
0.92 
1.52 
0.87 


17.06 


1.29 
2.53 
1.73 
1.53 
2.75 
2.45 
2.96 
1.07 
0.22 
0.16 
1.17 
3.26 


21.12 


3.09 
3.50 
1.65 
1.70 
3.81 
0.45 
0.20 
1.06 
0.10 
0.22 
3.00 
3.47 


22.  25 


Second - 

feet  per 

square 

mile. 


0.51 
4.39 
3.79 
0.96 
0.33 
0.36 
0.90 
0.18 
0.86 
0.80 
1.36 
0.76 


1.27 


1.12 
2.43 
1.50 
1.37 
2.38 
2.20 
2.57 
0.93 
0.20 
0.14 
1.05 
2.83 


1.56 


2.68 
3.37 
1.43 
1.52 
3.30 
0.40 
0.17 
0.92 
0.09 
0.19 
2.70 
3.01 


1.65 
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Fig.  21.— Discbarge  of  Neshaminy  Creek,  1891-1898. 

The  above  diagram  shows  fluctuations  of  discharge  of  Neshaminy 
Creek  from  1891  to  1898,  iiiclusive.  The  figures  for  daily  discharge  for 
this  and  for  similar  diagrams  for  Perkiomen  Creek  (fig.  17)  and  Tohickon 
Creek  (fig.  20)  were  obtained  from  Mr.  John  E.  Codman,  who  for  many 
years  has  been  hydrographer  for  the  bureau  of  water  of  the  city  of 
Philadelphia.  The  sudden  fluctuations  of  these  streams  and  the  irreg- 
ularity  in  occurrence  of  the  floods  are  particularly  noticeable.  Most 
of  these,  as  might  be  expected,  are  in  February  and  March,  but,  as 
shown  by  the  diagram,  floods  have  occurred  in  nearly  every  other 
month,  taking  the  series  as  a  whole. 
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SUSQUEHANNA  RIVER. 

Susquehanna  River  receives  tlie  drainage  from  the  greater  portion  of 
eastern  Pennsylvania  and  from  a  part  of  southern  New  York.  Measure- 
ments have  been  made  of  the  flow  of  the  stream  at  Harrisburg,  as 
described  in  preceding  reports.  Additional  stations  have  also  been 
established  on  Juniata  River,  the  principal  tributary  from  the  west, 
entering  a  short  distance  above  Harrisburg;  also  on  the  West  Branch, 
above  Sunbury,  and  on  the  main  river  above  Sunbury,  at  Wilkesbarre. 
The  results  of  the  measurements  at  Harrisburg  are  shown  in  the  fol- 
lowing table: 

Estimated  monthly  discharge  of  Susquehanna  River  at  Harrisburg,  Peunsylrania. 

[Draiuage  area,  24,030  square  miles.] 


Month. 


1898. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maximum, 

Mini- 
mum. 

Mean. 

150, 190 

108,  275 

242,  375 

147,  505 

87,  790 

40,  400 

15,  000 

58,313 

23,  400 

111,  955 

118,  965 

102,  955 

13,  100 

19,  800 

27,  225 

23,  400 

35,  400 

11, 125 

5,250 

9,450 

5,725 

5,250 

18,  300 

13, 100 

59,  481 

52,  435 
89,  331 

53,  420 
59.  761 
20, 117 

8,499 
25,  887 
11,  657 

33,  475 
40,  848 

34,  836 

242,  375 

5,250 

40,  812 

Run-off. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

3,  657,  368 

2.86 

2.48 

2,  912,  092 

2.27 

2.18 

5,  492,  785 

4.29 

3.72 

3, 178,  704 

2.47 

2.22 

3,  674,  584 

2.87 

2.49 

1, 197,  042 

0.93 

0.84 

522,  587 

0.40 

0.35 

1,  591,  740 

1.25 

1.08 

693,  638 

0.55 

0.49 

2,  058,  311 

1.60 

1.39 

2,  430,  619 

1.90 

1.70 

2, 141,  996 

1.67 

1.45 

29,  551,  466 

23.06 

1.70 

Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  ISTo.  27,  page  17; 
measurements,  page  23;  rating  table,  page  24;  results  for  1897,  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  8,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  122  to  127. 

The  measurements  of  Susquehanna  River  and  its  tributaries  have 
been  made  by  Mr.  Edwin  G.  Paul,  assistant  hydrographer,  who  has 
carried  on  the  work  from  the  Washington  office.  Assistance  has  been 
rendered  by  Mr.  Thomas  T.  Wierman,  chief  engineer  of  the  Pennsyl- 
vania Canal  Company,  who  has  supplied  gage  readings  and  furnished 
transportation. 
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Sec. -ft. 
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Fig.  22.— Discharge  of  Susquehanna  Kiver  at  Harrisburg,  Pennsylvania,  1891-1898. 


OCTORARO   CREEK. 

Octoraro  Creek  is  a  small  stream  of  southeastern  Pennsylvania  flow 
ing  across  the  State  line  into  Maryland  and  entering  Susquehanna 
Eiver  from  the  north  side  at  a  point  about  10  miles  above  Chesapeake 
Bay.  Measurements  of  discharge  of  this  stream  have  been  made  for 
several  years  at  Eowlandsville,  Maryland,  as  described  in  preceding 
reports.  Tiie  work  has  been  carried  on  by  Mr.  Hugh  W.  Caldwell. 
The  results  for  1898  are  given  in  the  following  table : 
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Estimated  monthly  discharge  of  Octoraro  Creek  at  Eotvlandsville,  Maryland. 

[Drainage  area,  217  square  miles.] 


■^ 


Montli. 


1898. 
January  . . . 
February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November . . 


December 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum 

Mean. 

705 

220 

306 

985 

220 

325 

985 

245 

315 

535 

245 

322 

1,070 

300 

523 

562 

220 

282 

375 

200 

230 

1,687 

200 

415 

480 

180 

243 

375 

200 

225 

1,605 

220 

650 

3,320 

245 

951 

3,320 

180 

399 

Total  in  acre- 
feet. 


18,  815 

18,  050 

19,  369 
19, 160 
32, 158 
16,  780 
14, 142 
25,  518 
14,  459 
13,  835 
38,  677 
58,  475 


E.un-off.  . 


Depth  in 
inches. 


289,  438 


1.57 
1.56 
1.67 
1.65 
2.78 
1.45 
1.22 
2.20 
1.25 
1.20 
3.34 
5.06 


Second- 
fee  t^.  per 
square 
mile. 


24.95 


1.41 
1.50 
1.45 
1.48 
2.41 
1.30 
1.06 
1.91 
1.12 
1.04 
3.00 
4.38 


1.84 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  Xo.  27,  page  17, 
measurements,  page  23;  rating  table,  page  24;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  12,  and  in  the  Nineteenth  Annual  Eeport,  Part  IV,  page  128. 
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Fig.  23.— Discharge  of  Octoraro  Creek  at  Kowlandsville,  Maryland,  1898. 
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PATAPSCO  AND  PATUXENT  RIVERS. 

Patapsco  and  Patuxent  rivers  receive  the  drainage  of  a  portion  of 
central  Maryland  lying  north  and  west  of  the  city  of  Baltimore  and 
between  it  and  the  Potomac  Eiver.  The  discharge  of  these  streams 
has  been  measured  at  points  near  where  they  cross  the  fall  line 
between  Baltimore  and  Washington.  To  the  northwest  of  these  is 
the  drainage  area  of  Monocacy  Creek,  which  flows  into  Potomac  River. 

PRECIPITATION   IN   BASINS   OF   PATAPSCO   AND   PATUXENT   RIVERS. 

The  principal  observations  of  rainfall  made  within  or  near  the  basins 
of  the  Patapsco  and  Patuxent  rivers  are  at  Bachmans  Valley,  near 
Westminster,  Woodstock,  Baltimore,  Laurel,  and  Annapolis.  The  rela- 
tive location  of  these  places  is  shown  on  fig.  24,  in  connection  with  the 
points  of  river  measurement,  which  are  also  at  Woodstock  and  Laurel. 
The  record  at  most  of  these  localties  is  broken.  The  following  table 
gives  the  names  and  locations  of  the  stations,  the  elevations,  and  the 
lengths  of  the  records: 

Location  of  I'ainfall  stations. 


Station. 

County. 

State. 

Latitude. 

Longi- 
tude. 

Eleva- 
tion. 

Eecord  be- 
^gins. 

Bachmans 
Valley. 

Woodstock . 

Baltimore  . . 

Laurel 

Annapolis  . . 

Carroll 

do 

Maryland  . 
..do 

O           ' 

39  37 

39  20 
39  18 
39    6 
38  59 

0         ' 

76  55 

76  52 
76  37 
76  52 
76  30 

Feet. 
860 

392 

142 

150 

20 

1893 

1870 
1836 
1895 
1857 

Baltimore 

..do 

Prince  George 

do  .... 

Anne  Arundel 

do  .... 

In  the  following  tables  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1898,  together  with  the  total  precipitation  by  months 
for  the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 

Precipitation  at  stations  in  drainatje  basins  of  Pataj^sco  and  Patuxent  rivers. 

BACHMANS  VALLEY. 


Year. 

Jan. 

In. 
2.  .55 

1.40 

2.20 

3.74 

Feb. 

In. 
3.82 

6.19 

7.18 

1.91 

Mar. 

Apr. 

In. 
3.95 

1.63 

3.37 

4.87 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

Normal  (1893- 
1898) 

1896 

In. 

4.23 

6.18 
5.50 
4.75 

In. 
6.91 

2.67 

7.52 

12.29 

In. 

2.89 

5.09 
3.71 
0.86 

In. 

3.98 

4.42 
5.10 
4.62 

In. 
3.85 

1.85 

5.62 

4.98 

In. 
3.61 

2.58 

2.08 

1.83 

In. 
3.45 

2.06 

2.22 

6.10 

In. 

4.32 

3.70 
8.43 
5.52 

In. 
3.32 

1.27 

3.59 

6.02 

In. 

46.88 

39.04 
56.52 
57.49 

1897 

1898 
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Precipitation  at  stations  in  drainage  basins  of  Patapsco  and  Patuxent  rivers — Contiuued. 

WOODSTOCK. 


Year. 


Normal  (1870- 
1898) 

1896 

1897 

1898 

Normal  (1836 
1898) 

1896 

1897 

1898 

Normal  (1895- 
1898) , 

1890 

1897 

1898 

Normal  (1857- 
1898) 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3.51 

3.41 

p..  98 

3.05 

4.14 

3.52 

3.64 

4.10 

3.57 

3.39 

3.34 

2.68 

1.76 

5.65 

6.12 

1.20 

1.85 

2.50 

3.64 

1.25 

2.83 

1.00 

3.40 

1.00 

1.78 

5.51 

2.74 

2.63 

6.64 

3.81 

3.64 

4.47 

1.88 

2.35 

6.50 

4.17 

2.28 

1.31 

2.48 

1.87 

4.46 

1.80 

3.15 

6.03 

1.55 

4.21 

3.79 

3.87 

Annual. 


42.33 
32.20 
46.12 
36.80 


BALTIMORE. 


2.99 

3.46 

4.02 

3.30 

4.00 

3.70 

4.66 

4.09 

3.56 

3.12 

3.29 

3.15 

2.62 

7.07 

4.70 

1.44 

1.61 

3.94 

6.32 

1.93 

4.14 

1.11 

3.34 

0.37 

2.05 

5.13 

2.40 

3.19 

6.88 

2.57 

6.93 

4.71 

2.17 

3.67 

4.39 

3.40 

2.99 

1.32 

2.58 

1.84 

3.86 

1.06 

3.51 

6.09 

1.56 

3.97 

4.34 

3.34 

43.34 
38.59 
47.49 
36.46 


LAUREL. 


2.68 

3.22 

2.74 

3.03 

4.24 

2.72 

4.80 

3.72 

2.29 

2.76 

3.07 

2.37 

2.68 

3.22 

2.60 

1.30 

3.20 

3.15 

7.89 

3.76 

3.93 

0.55 

2.60 

0.20 

2.05 

5.51 

3.08 

3.29 

5.62 

2.40 

6.70 

2.33 

1.55 

4.54 

5.15 

3.75 

3.30 

0.92 

2.54 

2.07 

4.70 

0.65' 

1.72 

7.20 

0.98 

3.65 

2.97 

4.39 

37.64 
35.  08 
45.97 
35.09 


ANNAPOLIS. 


3.20 

3.64 

4.27 

3.90 

4.70 

3.95 

4.75 

4.55 

3.72 

3.84 

4.31 

3.38 

2.70 
3.20 

7.48 
4.68 

4.53 
2.46 

L25 
2.80 

2.25 
6.67 

3.11 
L73 

# 

2.41 
4.98 

0.77 
3.48 

5.76 

4.39 

2.17 

3.69 

2.37 

L40 

1.44 

Lll 

3.28 

0.88 

3.17 

2.81 

1.35 

8.13 

4.69 

3.38 

48.21 


46.01 
34.01 


AVERAGE. 


Normals 

1896 

1897 

1898 


2.99 

3.51 

3.86 

3.45 

4.80 

3.36 

4.37 

4.06 

3.35 

3.31 

3.67 

2.98 

2.23 

5.92 

4.83 

1.36 

2.32 

3.56 

5.  .57 

2.20 

3.37 

1.18 

3.09 

0.72 

2.26 

5.60 

3.24 

3.06 

6.67 

2.84 

5.64 

4.30 

1.97 

3.29 

5.89 

3.68 

2.94 

L37 

2.76 

2.35 

5.72 

LOS 

3.23 

5.42 

L45 

5.21 

4.26 

4.20 

43.68 
36.  23 
48.42 
39.97 


Depth  of  ritn-off,  in  inches,  from  Patapsco  and  Patuxent  basins. 
PATAPSCO  AT  WOODSTOCK. 


Year. 

Jan. 

Eeb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

0.93 
2.62 
Lll 

Dec. 

Annual. 

1896  a   

0.53 
2.75 
L52 

1.60 

0.52 
0.57 
0.47 

0.69 
0.63 
0.77 

0.74 
2.31 
2.34 

L79 

22.67 
16.24 

18976 

1898c 

Average. 

1.52 
1.79 

3.25 
1.51 

2.38 

1.52 
1.58 

L48 
1.44 

1.46 

2.17 
2.09 

1.15 
0.91 

L03 

2.70 
0.71 

L66 

1.55 

2,13 

L71 

0.52 

0.70 

1.55 

19.45 

PATUXENT  AT  LAUREL. 

1896  a 

0.98 
1.22 

0.80 
0.70 

0.83 
0.77 

L04 
2.04 

1.18 
L67 

18.33 

18976 

1898c 

Average. 

1.01 
L56 

3.04 
L23 

1.36 
1.09 

1.20 
0.94 

1.71 
L49 

0.91 
0.73 

2.70 
0.41 

L29 

2.14 

L23 

L07 

1.60 

0.82 

L56 

1.11 

0.75 

0.80 

L54 

L43 

15.34 

a  Eighteenth  Annual  Report,  Part  IV,  pp.  17, 18. 
6  Nineteenth  Annual  Report,  Part  IV,  pp.  130-131. 
c  Twentieth  Annual  Rejjort,  Part  IV,  pp.  115-116. 

20  GEOL,  PT  4 8 
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Annual  rainfall  and  run-off. 


Statjoii. 

Normal. 

1896. 

1897. 

1898. 

KAINFALL. 

Baclimans  Vallev 

Inches. 

46.88 
42.33 
43.34 
37.64 

48.21 

Inches. 
39.  04 
32.20 
38.59 
35.08 

Inches. 
56.  52 
46.12 
47.49 
45.97 
46.01 

Inches. 

57.49 
36.80 
36.96 
35.09 
34.01 

Woodstock . - . 

Baltimore           . 

Laurel         

AnnaDolis . 

Averaare 

43.68 

36.23 

48.42 

39.97 

RUN-OFF. 

PataDSco 

17.66 
15.34 

22.67 
18.33 

16.24 

Patuxent 

Average 

16.50 

20.50 

Per  cent  of  rainfall 

37.77 

42.34 

40.63 

Scale 

O  S  10 20  MILES 

" " "        ■  -■ 


Pig.  24. — Relative  location  of  river  and  rainfall  observations  in  basins  of  Patapsco  and  Patuxent 

rivers. 
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Estimated  monthly  discharge  of  Patapsco  Eiver  at  Woodstock,  Maryland. 

[Drainage  area,  251  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 
Jaiuiarj"  .. 
February  . 

March 

April , 

May 

June 

July 

August 

September 

October 

November.. 


December  1-14 


The  year. 


1,000 

1,200 

835 

590 

1,100 

425 

355 

2,  050 

173 

450 

1,150 

1,950 


Mini- 
mum. 


Mean. 


161 

148 

253 

148 

235 

122 

75 

122 

58 

83 

111 

270 


2,050 


58 


388 
365 
344 
324 
454 
207 
156 
331 
106 
174 
250 
509 


Total  in  acre- 
feet. 


300 


23,  857 
20,  271 
21, 152 

19,  279 
27,  916 
12,  317 

9,592 

20,  353 
6,307 

10,  699 

14,  876 

a  31,  297 


217,  916 


Run-off. 


Depth  in 
inches. 


1.79 

1.51 
1.58 
1.44 
2.09 
0.91 
0.71 
1.52 
0.47 
0.77 
1.11 
a  2. 34 


Second- 
feet  per 
square 
mile. 


16.24 


1.55 
1.45 
1.37 
1.29 
1.81 
0.82 
0.62 
1.32 
0.42 
0.69 
1.00 
rt2.03 


1.20 


a  Estimated  for  whole  month. 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  18; 
measurements,  page  23;  rating  table,  page  24  ;  results  for  1897  hi  Water-Supply  and  Irrigation  Paper 
No.  15,  page  13,  and  in  the  Nineteenth  Annual  Report,  Part  lY,  page  129. 
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Fig.  25.— Discharge  of  Patapsco  River  at  Woodstock,  Maryland,  1898. 
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Estimated  monthly  discharge  of  2*atuxent  liiver  at  Laurel,  Maryland. 

[Drainage  area,  137  square  miles.] 


Month. 


1898. 

January 

February 

March 

April 

May 

June 

July 


August  1-10 


Dischai 

•ge,  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

341 

194 

185 

323 

110 

161 

347 

90 

130 

162 

94 

117 

630 

78 

177 

272 

59 

91 

255 

6 

50 

1,586 

56 

272 

Total  in  acre- 
feet. 


11,  375 

8,942 

7,994 

,    6,962 

10,  884 

5,  415 

3,074 

a  16,  725 


E,un-oflf. 


Depth  in 
inches. 


1.56 
1.23 
1.09 
0.94 
1.49 
0.73 
0.41 
a2.  29 


Second- 
feet  per 
square 
mile. 


1.35 
1.18 
0.95 
0.85 
1.29 
0.66 
0.36 
a  1.99 


a  Estimated  for  whole  month. 

N^OTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  18 ;  meas- 
urements, page  23 ;  rating  table,  page  24 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No.  15 
page  14 ;  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  LSI. 
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PiQ.  26.— Discharge  of  Patuxent  Kiver  at  Laurel,  Maryland,  1896-1898. 
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POTOMAC  RIVER. 


-^ 


A  number  of  measurements  have  been  made  in  the  drainage  basin  of 
Potomac  River,  and  also  a  general  reconnaissance  of  its  headwaters, 
the  results  being  x)ublished  in  preceding  annual  reports.  Observations 
have  been  continued  at  most  of  the  stations  hitherto  established, 
giving  figures  of  flow  for  1898,  as  shown  in  the  following  tables. 


PRECIPITATION   IN   BASIN   OF   POTOMAC   RIVER. 

The  principal  observations  of  rainfall  made  within  the  Potomac 
Basin  are  at  Cumberland,  Martinsburg,  Staunton,  Dale  Enterprise, 
Woodstock,  Harpers  Ferry,  Emmitsburg,  Frederick,  Newmarket,  and 
Washington.  The  relative  location  of  these  points  is  shown  on  fig.  27, 
in  connection  with  the  points  of  river  measurement  which  are  located 
at  Cumberland,  Springfield,  Port  Eepublic,  Millville,  Point  of  Eocks, 
Frederick,  Sharpsburg,  and  Washington. 

The  following  table  gives  the  names  and  location  of  the  stations,  the 
elevations,  and  the  number  of  years  during  which  the  observations 
have  been  made,  or  rather  the  number  of  complete  monthly  observa- 
tions used  in  computing  the  normals: 


Location  of  rainfall  stations. 


Station. 


Cumberland. - 

Martinsburg  . 

Staunton 

Dale     Enter- 
prise. 

Woodstock. .. 

Harpers  Ferry 

Emmitsburg  . 

Frederick 

Newmarket  .. 

Washington.. 


County. 


Allegany. .. . 

Berkeley 

Augusta 

Rockingham 

Shenandoah. 

Jefferson 

Frederick  . . . 

do 

do 


State. 


Maryland . 


West  Virginia 
Virginia 


do. 


do 

West  Virginia 

Maryland 

do 

do 


District  of  Co- 
lumbia. 


Latitude 


39  39 
39  21 
38  09 
38  40 

38  53 

39  19 
39  43 
39  24 
39  10 
38  54 


Longi- 
tude. 


78  45 

77  58 

79  04 

78  45 

78  31 
77  42 
77  20 
77  24 
77  15 
03 


Eleva- 
tion. 


Feet. 
700 
435 

1,340 
850 

927 
277 
498 
400 
500 
112 


Length  of 
record. 


Years. 

25-27 
4-6 
9-12 

18 

5-7 

8-9 

17-26 

19-22 

9-12 

42 
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Fig.  27. — Relative  location  of  river  and  rainfall  observations  in  basin  of  Potomac  River. 

The  following  table  gives  the  figures  of  normal  or  average  monthly 
precipitation  from  the  beginning  of  the  record  to  and  including  1897, 
together  with  the  total  precipitation  by  months  for  the  years  1896, 
1897,  and  1898;  and  also  the  amount  by  years.  In  obtaining  the 
normal  precipitation  the  average  is  taken  for  all  of  the  months  during 
which  observations  were  made. 

P^^ecipiiation  at  stations  in  drainage  basin  of  Potomac  River. 

CUMBERLAND. 


Year. 


Normal 
1896.... 

1897 

1898.--. 

Normal 

1896.... 
1897.... 
1898.... 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.10 

2.7 

2.90 

2.50 

3.40 

3.70 

3.40 

3.20 

2.80 

2.20 

2.30 

2.10 

1.41 

3.01 

3.59 

1.88 

5.09 

4.22 

5.16 

1.71 

5.56 

1.32 

3.68 

0.91 

1.80 

5.81 

2.94 

3.00 

3.47 

1.88 

4.41 

2.26 

1.50 

0.81 

4.85 

3.30 

4.57 

1.15 

5.58 

2.45 

4.21 

1.66 

1.50 

6.17 

1.33 

6.92 

2.34 

3.45 

Annual. 


33.20 
37  54 
36.03 
41.33 


MARTINSBURG. 


1.96 

2.88 

2.56 

2.68 

4.66 

3.78 

4.16 

1.96 

2.39 

2.33 

2.58 

2.10 

1.60 

2.97 

2.  .^8 

1.30 

1.26 

7.54 

5.64 

1.03 

3.50 

1.13 

2.48 

0.75 

1.05 

4.90 

2.63 

2.20 

5.00 

3.18 

2.85 

2.78 

1.80 

1.15 

4.70 

3.10 

3.15 

1.29 

3.35 

1.87 

4.51 

1.42 

3.20 

7.00 

1.31 

5,09 

2.91 

3.50 

34.04 
31.78 
35.34 
38.60 
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Precipitation  at  stations  in  drainage  basin  of  Potomac  Biver — Continued. 

STAUNTON. 


Year. 


Kormal 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.51 

3.17 

3.17 

2.50 

4.41 

4.15 

3.23 

2.94 

4.05 

2.66 

2.39 

2.27 

2.55 

3.81 

4.41 

1.33 

4.13 

6.58 

6.10 

3.92 

8.08 

0.23 

5.01 

T.a 

0.92 

3.99 

2.56 

1.56 

5.75 

2.18 

3.70 

2.30 

0.73 

2.84 

2.14 

3.31 

2.89 

0.55 

3.10 

2.95 

4.82 

2.16 

4.41 

5.16 

2.22 

7.13 

1.74 

3.00 

Annual. 

37.45 
46.15 
31.98 
40.13 


DALE  ENTERPRISE. 


Normal 

1896 

1897 

1898 


2.75 

3.38 

3.13 

3.23 

5.08 

4.  93 

4.29 

3.62 

4.06 

2.81 

2.51 

2.52 

1.75 

3.40 

3.70 

1.19 

1.99 

5.17 

5.69 

1.55 

7.85 

0.16 

4.30 

T.a 

1.56 

5.64 

2.40 

1.70 

5.37 

2.88 

4.15 

0.68 

0.43 

2.55 

2.40 

3.23 

2.37 

0.61 

3.90 

2.91 

4.94 

4.83 

6.24 

9.54 

2.23 

7.39 

1.82 

3.60 

42.31 
36.73 
32. 99 
50.38 


WOODSTOCK. 


Normal 
1896.... 
1897.--- 
1898 


1.86 

3.93 

3.15- 

2.44 

4.00 

4.82 

3.35 

3.30 

3.12 

8.74 
1.38 

2.95 

0.82 
2.94 

2.66 
3.20 
2.20 

2.20 
0.35 
3.72 

1.46 

7.65 

1.81 

2.30 

5.41 

3.37 

4.38 

2.74 

3.30 

0.60 

3.79 

2.75 

4.85 

1.12 

3.56 

7.31 

0.95 

6.23 

2.08 

2.61 

37.78 

39.36 
39.15 


HARPERS  FERRY. 


Normal 

1896 

1897 

1898 


2.03 

2.92 

2.79 

2.60 

4.67 

3.66 

3.13 

2.66 

2.83 

2.45 

2.66 

1.98 

1.94 

4.19 

2.48 

1.64 

4.60 

5.25 

5.08 

0.88 

4.29 

0.88 

2.06 

1.04 

1.44 

5.76 

3.12 

2.14 

5.67 

3.20 

4.12 

4.50 

1.57 

2.27 

5.56 

3.90 

4.15 

1.49 

4.36 

1.87 

6.51 

1.08 

2.12 

5.64 

1.47 

8.50 

3.60 

3.69 

34.38 
34.33 
43.25 
44.48 


EMMITTSBURG. 


Normal 

1896 

1897 

1898 


3.11 

3.09 

4.05 

3.48 

4.61 

3.90 

3.36 

3.29 

3.77 

3.85 

3.79 

3.05 

0.96 

5.16 

5.75 

1.40 

M.61 

4.00 

6.07 

1.70 

3.16 

1.06 

4.63 

0.56 

2.26 

3.53 

3.04 

2.90 

5.97 

3.52 

7.99 

3.23 

2.65 

2.24 

6.15 

3.12 

3.78 

1.41 

3.68 

1.43 

4.64 

1.95 

3.17 

8.92 

1.17 

5.98 

3.75 

3.04 

43.29 

642.  50 

46.60 

42.92 


FREDERICK:. 


Normal 

1896 

1897 

1898...- 


3.11 

3.05 

3.01 

3.57 

4.25 

4.39 

3.77 

2.58 

3.60 

2.37 

2.85 

2.88 

2.09 

6.15 

4.04 

1.27 

1.40 

3.83 

4.67 

0.77 

3.08 

0.80 

3.12 

0.59 

1.39 

4.77 

2.72 

2.32 

3.71 

2.06 

7.33 

2.25 

1.63 

1.42 

5.01 

3.74 

4.05 

1.49 

3.40 

1.53 

5.10 

0.74 

1.64 

6.34 

1.37 

5.82 

3.99 

3.46 

39.43 
31.81 
38. 35 
44.93 


NEWMARKET. 


Normal 

1896 

1897 

1898 


2.46 

3.44 

3.73 

3.52 

4.05 

3.72 

4.26 

4.12 

3.99 

2.60 

4.75 

2.32 

2.58 

5.97 

5.91 

1.30 

1.27 

3.57 

3.87 

1.77 

4.10 

0.86 

3.43 

0.50 

1.66 

5.99 

3.28 

3.15 

5.31 

2.76 

9.48 

4.11 

1.61 

2.21 

6.69 

3.31 

3.14 

1.97 

3.29 

2.59 

5.20 

0.63 

2.41 

5.80 

1.28 

4.98 

4.70 

3.39 

42.96 
35.13 
49.56 
39.38 


Normal 

1896 

1897 

1898.-.. 


WASHINGTON. 


3.40 

3.20 

3.90 

3.40 

4.20 

3.90 

4.50 

4.00 

3.50 

3.30 

2.70 

3.10 

2.27 

.5.  31 

5.16 

1.07 

2.26 

2.39 

3.96 

2.65 

3.18 

0.34 

2.54 

0.30 

1.98 

6.47 

2.66 

3.02 

6.97 

2.60 

5.78 

3.35 

1.54 

3.55 

3.31 

3.35 

3.54 

1.64 

2.52 

2.36 

3.60 

1.33 

2.86 

8.76 

0.89 

3.54 

3.12 

3.56 

42.90 
31.16 
44.58 
37.72 


AVERAGE. 


Normal 

1896 

1897 

1898 


2.53 

3.18 

3.24 

2.99 

4.33 

4.10 

3.75 

3.17 

3.41 

2.75 

2.92 

2.45 

1.91 

4.44 

4.18 

1.38 

2.96 

4.73 

5.14 

1.78 

5.15 

0.76 

3.45 

0.50 

1.55 

5.45 

2.72 

2.43 

5.26 

2.76 

5.42 

2.82 

1.48 

2.20 

4.30 

3.41 

3.49 

1.22 

3.70 

2.27 

4.84 

1.69 

3.11 

7.06 

1.42 

6.16 

3.01 

3.33 

38.77 
36.35 
39.80 
41.90 


a  Trace. 


h  Estimated. 
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Depth  of  run-off ,  in  inches,  from  Potomac  drainage  basin. 
SOUTH  BRANCH,  NEAR  SPRINGFIELD. 


Tear. 


Jan. 


1894. 
1895. 
1896. 


Average. 


0.68 


0.68 


Feb. 


Mar. 


1.51 


1.51 


Apr. 


1.28 


1.28 


May.  I  June.!  July, 


1.76 


1.76 


0.61 
0.47 


0.54 


0.25 
0.40 


0.33 


Aug. 


0.18 


Sept. 


0.30 


0.18 


0.30 


Oct. 


0.40 


0.40 


Nov. 


Dec. 


Annual. 


NORTH  BRANCH,  NEAR  CUMBERLAND. 


1895. 
1896. 
1897. 


Average , 


2.39 
0.56 
1.08 

1.32 
L81 
4.21 

4.12 
2.57 
^55 

2.35 

2.24 
1.96 

1.13 
L75 
2.79 

0.45 
L75 
0.21 

0.55 

2.77 
0.25 

0  85 
0.33 

1.07 
0.09 

1.12 
0.04 

1.39 
al.39 

0.84 
aO.84 

1.34 

2.45 

3.41 

2.18 

L89 

0.80 

L19 

0.59 

0.58 

0.58 

1.39 

0.84 

18.72 


17.24 


SHENANDOAH,  NEAR  MILLVILLE. 


1896 

1897 

1898 

Average. 


0.94 

1.34 

1.45 

L02     0.79 

0.79 

1.07 

0.47 

0.48 

0.79 

0.72 

0.86 

0.46 

3.51 

L76 

0.  88     2. 14 

0.52 

0.48 

0.35 

0.24 

0.26 

0.29 

0.54 

0.59 

0.34 

0,57 

1. 17     1. 64 

0.37 

0.32 

3.15 

0.45 

L91 

0.94 

1.59 

0.66 

1.73 

L26 

1.02     L52 

0.56 

0.62 

L32 

0.39 

0.99 

0.65 

1.00 

11.72 
11.43 
13.04 

12.06 


ANTIETAM  CREEK,  NEAR  SHARPSBURG. 


1897 
1898 


0.63 
0.68 

0.66 
1.34 

0.43 
0.71 

0.41 
0.83 

0.56 
L04 

0.93 
2.29 

1.27 

1.18 

1.33 

L31 

L54 

0.97 

Average. 

1.27 

L18 

L33 

1.31 

1.54 

0.97 

0.66 

1.00 

0.57 

0.62 

0.80 

L61 

14.49 


12.86 


MONOCACY,  AT  FREDERICK. 


1896. 
1897. 
1898. 


Average . 


0.19 
1.61 
1.61 

0.18 
0.32 
0.21 

0.24 
0.23 
L20 

0.53 
L70 
1.91 

0.33 
3.43 
3.30 

0.56 
4.02 

3.15 
2.29 

2.47 
2.34 

1.56 
1.20 

2.77 
2.69 

0.85 
0.72 

L27 
0.40 

2.29 

2.72 

2.41 

L38 

2.73 

0.79 

0.84 

1.14 

0.27 

0.56 

1.38 

2.35 

19.92 
21.89 

18.86 


POTOMAC,  AT  POINT  OF  ROCKS. 


1895 

1896 

1897 

1898 

Average . 


0.77 

2.62 

1.55 

L45 

0.43 

0.46 

0.22 

0.17 

0.12 

0.13 

0.25 

al.l3 

0.67 

1.23 

aL95 

aL60 

0.27 

0.69 

1.15 

0.49 

0.31 

1.61 

0.84 

0.64 

0.60 

4.50 

2.41 

1.43 

2.70 

0.72 

0.64 

0.43 

0.16 

0.12 

0.31 

0.85 

2.84 

0.96 

1.90 
1.95 

1.93 

2.26 

0.50 

0.30 

2.78 

0.30 

1.72 

1.05 

L91 

1.22 

2.33 

1.60 

1.42 

0.59 

0.58 

0.97 

0.22 

0.90 

0.61 

L13 

9.30 
1L45 
14.87 
18.45 

13.52 


POTOMAC,  AT  GREAT  FALLS  AND  CHAIN  BRIDGE. 


188G.. 
1887.. 
1888.. 
1«89.. 
1890.. 
1891.. 
1892.. 
1893.. 


Average 


L43 

2.20 

0.58 

4.46 

2.52 

0.30 

0.55 

0.63 

0.34 

0.35 

0.80 

1.14 

L27 

2.28 

2.84 

1.42 

2.62 

1.43 

0.64 

0.37 

0.37 

0.35 

0.33 

0.58 

1.33 

2.70 

3.01 

1.82 

1.11 

0.88 

1.94 

0.51 

L70 

0.74 

1.66 

1.43 

3.26 

1.77 

3.95 

3.61 

1.98 

4.65 

1.00 

1.71 

2.57 

3.08 

6.58 

2.90 

1.01 

3.68 

5.09 

2.56 

5.26 

2.07 

0.67 

0.71 

0.80 

2.46 

0.94 

0.88 

4.25 

7.54 

6.23 

7.22 

0.65 

2.23 

L22 

0.74 

0.61 

0.41 

0.46 

1.01 

3.18 

0.98 

4.79 

3.56 

1.13 

1.36 

0.35 

0.39 

0.46 

0.31 

0.34 

0.52 

0.54 

1.67 

2.72 

1.61 

3.44 

1.10 

0.46 

0.57 
0.70 

1.40 

3.14 

1.24 

0.56 

2.03 

2.85 

3.65 

3.28 

2.34 

1.75 

0.85 

1.03 

1.36 

L54 

1.13 

15.30 
14.50 
18.83 
37.06 
26.13 
32.57 
17.37 
18.45 

22.53 


a  Estimated. 
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Depth  of  run-off,  in  inches,  from  Potomac  drainage  basin — Continued. 

NORTH,  AT  PORT  REPUBLIC. 


Year. 

Jan. 

Eeb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

AnnuaL 

1895 

0.46 
0.66 
0.41 
4.35 

0.49 
1.70 
0.32 
0.72 

0.31 
1.34 
0.35 
2.61 

0.33 
1.51 
0.36 
0.70 

0.36 
LOO 
0.45 
1.56 

17.49 
13.70 
17.55 

1896 

1.14 
0.55 
0.70 

L93 
4.06 
0.53 

2.37 
1.79 
0.80 

2.21 
0.89 
1.54 

1.18 
3.17 
2.05 

0.89 
0.68 
0.81 

1.56 

0.67 
1.18 

1897 

1898 

Average . 

0.80 

2.17 

1.65 

1.55 

2.13 

0.79 

1.14 

1.47 

0.81 

1.15 

0.73 

0.84 

16. 25 

SOUTH,  AT  PORT  REPUBLIC. 

1895 

0.38 
0.58 
0.48 
3.23 

0.43 
2.71 
0.41 
0.55 

0.40 
1.69 
0.55 
3.91 

0.43 
1.71 
0.87 
L28 

0.63 
0.98 
0.77 
2.27 

17.96 
16.36 
19.42 

1896 

1.43 
0.61 
0.82 

2.19 
4.54 
0.69 

1.28 
2.16 
0.83 

1.70 
0.95 
1.85 

1.02 
3.74 
2.63 

1.16 
0.69 
0.69 

L51 

0.59 
0.67 

1897 

1898 

Average . 

0.95 

2.47 

1.42 

1.50 

2.46 

0.85 

0.92 

L17 

• 

L03 

1.64 

1.07 

L16 

16.64 

Annual  rainfall  and  run-off. 


Station. 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Cumberland 

Inches.- 
33.20 
34.04 
37.45 
42.31 
37.78 
34.38 
43.29 
39.43 
42.96 
42.90 

Inches. 
37.54 
31.78 
46.15 
36.73 

Inches. 
36.03 
35.34 
31.98 
32.99 
39.36 
43.25 
46.60 
38.35 
49.56 
44.58 

Inches. 
41.33 
38.60 
40.13 
50.38 
39.15 
44.48 
42.92 
44.93 
39.38 
37.72 

Martinsburff 

Staunton 

Dale  Enternrise 

Woodstock 

Harpers  Ferry    

34.33 
42.50 
31.81 
35.13 
31.16 

Emmitsburg 

Frederick 

Newmarket 

Washington 

Average 

38.77 

36.35 

39.80 

41.90 

RUN-OFF. 

North.  Branch 

17.24 
16.25 
16.64 
12.06 
12.86 
18.86 
13.52 
22.53 

18.72 
16.61 
17.96 
11.72 

16.74 
13.70 
16.36 
11.43 

North  (Port  Republic) 

17.55 
19.42 
13.04 
14.49 
21.89 
18.45 

South  (Port  Republic) 

Shenandoah 

Antietam  Creek 

Monocacy 

19.92 
14.87 

Potomac 

11.45 

Do 

Average 

16.24 

15.47 

15.50 

17.47 

Percentage  of  rainfall 

41.89 

42.56 

38.94 

41.69 
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ANTIETAM    CREEK. 

Estimated  monthly  discharge  of  Antietain  Creek  at  Sharpshurg,  Maryland. 

[Drainage  area,  293  square  miles.] 


Month. 


1898. 

January 

February  

March 

April 

May  

June 

July 


August. 


September 
October  . . . 
November . 
December  . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


618 
510 
673 
479 
673 
356 
294 

1,708 
264 
510 
417 

3,275 


3,275 


Mini- 
mum. 


80 
233 
233 
264 
233 
171 
138 
171 
138 

80 
138 
233 


80 


Mean. 


321 
331 
336 
344 
393 
256 
173 
340 
188 
212 
276 
584 


313 


Total  in  acre- 
feet. 


19,  738 
18,  383 

20,  660 
20,  469 
24, 165 

15,  233 
10,  637 
20,  906 
11, 187 
13,  035 

16,  423 
35,  909 


226,  745 


Run -off. 


Depth  in 
inches. 


3.27 
1.18 
1.33 
1.31 
1.54 
0.97 
0.68 
1.34 
0.71 
0.83 
1.04 
2.29 


14.49 


Second- 
feet  per 
square 
mile. 


1.10 
1.13 
1.15 
1.17 
1.34 
0.87 
0.59 
1.16 
0.64 
0.72 
0.94 
1.99 


1.07 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  19, 
measurements,  page  23;  rating  table,  page 24 ;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper 
No.  15,  page  16,  and  in  the  Nineteenth  Annual  Report,  Part  lY,  page  148. 
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6,000 
5,500 
5,000 
4,500 
4,000 
3,500 
3,000 
2,500 
2,000 
1,500 
1,000 
500 
0 


JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV, 
10  20 

DEC. 
10  20 

• 

1 

1 

1. 

i 

1. 

i 

1 

HI n-'^w^mmr  -- "•  - "  ^«mimnif •  l«ll|« Wf'l^''' "' ' 

FlQ.  28. — Discharge  of  Antietam  Creek  at  Sharpshurg,  Maryland,  1898. 
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SHENANDOAH  RIVER. 


NORTH   KIVER. 


Estimated  monthly  discharge  of  North  River  at  Port  Republic,  Virginia. 

[Drainage  area,  804  square  miles.] 


Month. 


1895. 
August  6-31 
September  . 

October 

November . . 
December  . . 


1896. 

January  

February  

March 

April  1-15,28-30. 

May 

June 

July 

August 

September 

October 

November 

December 


The  year 

1897. 

January   

February  

March 

April 


June 

July 

August  . . . 
September 
October.. . 
November. 
December  . 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

445 

292 

319 

2,635 

245 

346 

245 

202 

219 

275 

202 

239 

500 

215 

251 

5,502 

275 

799 

4,805 

500 

1,488 

7,130 

445 

1,653 

4,340 

350 

1,594 

4,960 

395 

824 

2,945 

350 

642 

7,595 

472 

1,085 

1,550 

310 

458 

23,  870 

177 

1,224 

7,595 

420 

931 

5,270 

420 

1,088 

2,790 

420 

699 

23,  870 

177 

1,040 

420 

372 

388 

11,  237 

420 

3,138 

2,015 

625 

1,250 

865 

445 

642 

13,  795 

445 

2,212 

865 

420 

489 

1,420 

330 

463 

330 

275 

292 

275 

215 

234 

310 

215 

250 

555 

215 

256 

590 

230 

319 

13,  795 

215 

829 

Total  in  acre- 
feet. 


a  19,  614 

20,  588 
13,  466 
14, 222 
15,  433 


49, 129 
82,  639 
101,  640 
94,  849 
50,  666 
38,  202 
66,  714 
28, 162 
72,  833 
57,  245 
64,  740 
42,  980 


749,  799 


23,  857 
174,  276 
76,  860 
38,  202 
136,  Oil 
29,  097 
28,  469 
17,  954 
13,  924 
15,  372 
15,  233 
19,  615 


588,  870 


E.un-off. 


Depth  in 
inches. 


a  0.46 
0.49 
0.31 
0.33 
0.36 


1.14 
1.93 
2.37 
2.21 
1.18 
0.89 
1.56 
0.66 
1.70 
1.34 
1.51 
1.00 


17.49 


0.55 
4.06 
1.79 
0.89 
3.17 
0.68 
0.67 
0.41 
0.32 
0.35 
0.36 
0.45 


13.70 


Second- 
feet  per 
square 
mile. 


a  0.40 
0.44 
0.27 
0.30 
0.31 


0.99 
1.85 
2.05 
1.98 
1.02 
0.80 
1.35 
0.57 
1.52 
1.16 
1.35 
0.87 


1.29 


0.48 
3.90 
1.55 
0.80 
2.75 
0.61 
0.58 
0.36 
0.29 
0.31 
0.32 
0.39 


1.03 


a  Estimated. 
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Estimated  monthly  discharge  of  North  River  at  Port  Repiihlic,  Virginia— Continued, 

[Drainage  area,  804  square  miles. 


Month. 


1898. 

Januai}" 

Februar}^ 

March   , 

April 

May   '. 

June 

July 

August 

Septeraber 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


700 

625 
2,480 
4,030 
7,207 
2,480 
3,720 
9,920 

662 
11,  470 

865 
6,820 


11,470 


Mini- 
mum. 


275 
310 
310 
555 
445 
275 
275 
555 
445 
275 
330 
395 


275 


Mean. 


491 
414 
581 

1,110 

1,430 
585 
822 

3,030 
520 

1,814 
507 

1,089 


1,032 


Total  in  acre- 
feet. 


30, 191 
22,  992 
35,  725 
66,  049 
87,  928 
34,  810 
50,  543 

186,  309 
30,  942 

111,  539 
30, 169 
66,  960 


754,  157 


Kun-ofl". 


Depth  in 
inches. 


0.70 
0.53 
0.80 
1.54 
2.05 
0.81 
1.18 
4.35 
0.72 
2.61 
0.70 
1.56 


17.55 


Second- 
feet  per 
square 
mile. 


0.61 
0.51 
0.72 
1.38 
1.78 
0.73 
1.02 
3.77 
0.65 
2.26 
0.63 
1.35 


1.28 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  19;  rat- 
ing  table,  page  25;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No.  15,  page  18,  and  in  the 
Eighteenth  Annual  Report,  Part  IV,  page  25. 
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Fig.  29.— Discharge  of  North  River  at  Port  Republic,  Virginia,  1895-1898. 
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SOUTH    RIVER. 

Estimated  monthly  discharge  of  South  River  at  Port  Republic,  Virginia. 

[Drainage  area,  246  square  miles.] 


Month. 


1895. 
August  6-31 
September  . 

October 

November  . . 
December  .. 


Discharge  in  second-feet. 


Maxi- 
mum. 


105 

112 

85 

95 

290 


1896. 

January i  2,  350 

Februarv I  1,390 

i 

March  i  1,905 

April j  1,090 

May I  945 

June 570 

July 2,275 

August 250 

September j  9,  200 

October 2,  425 

November ;  1,760 


December 


720 


The  year 9,  200 


1897. 
January  . . 
February  . 

March  

April 

May , 

June 

July 

August 

September  . 

October 

November . . 
December  . . 


The  year 


195 

3,717 

720 

290 


Midi- 
mum. 


70 

85 
85 
85 
95 


85 
250 
195 
160 
140 
120 
120 
105 

90 
140 
140 
112 


85 


112 
195 
250 
170 


5,607 

170 

210 

120 

160 

105 

120 

85 

95 

85 

250 

95 

795 

120 

495 

112 

5,607 

85 

Mean . 


80 
94 
85 
93 
136 


305 
517 
473 
375 
218 
255 
322 
123 
597 
362 
376 
208 


344 


131 
1,072 
459 
211 
797 
152 
125 
103 
91 
119 
192 
166 

301 


Total  in  acre- 
feet. 


4,919 
5,593 
5,  226 
5,534 
8,  362 


18,  754 

28,  713 

29,  084 
22,  314 
13,  404 
15, 174 

19,  799 
7,563 

35,524 
22,  258 
22,  374 
12, 790 


247,  751 


8,055 

59,  536 

28,  223 

12,  555 

49,  006 

9,045 

7,686 

6,333 

5,415 

7,317 

11,  425 

10,  207 

214,  803 


Run-off. 


Depth  in 
inches. 


0.38 
0.43 
0.40 
0.43 
0.63 


1.43 
2.19 
1.28 
1.70 
1.02 
1.16 
1.51 
0.58 
2.71 
1.69 
1.71 
0.98 


17.96 


0.61 
4.54 
2.16 
0.95 
3.74 
0.69 
0.59 
0.48 
0.41 
0.55 
0.87 
0.77 

16.36 


Second - 

feet  per 

square 

mile. 


0.33 
0.38 
0.35 
0.38 
0.55 


1.24 
2.10 
1.11 
1.52 
0.89 
1.04 
1.31 
0.50 
2.43 
1.47 
1.53 
0.85 


1.33 


0.53 
4.36 
1.87 
0.86 
3.24 
0.62 
0.51 
0.42 
0.37 
0.48 
0.78 
0.67 

1.23 
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EsiimaU'd  monildij  discharge  of  South  River  at  Port  Jiepiiblic,  Virginia — Contiuued. 

[Draiuage  area,  246  square  miles.] 


Montli. 


1898. 
January  . . . 
February   . . 

March 

April 

May 

June 

J"iy 

August 

September  . 

October 

November  . . 
December  . . 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

250 

L30 

175 

250 

120 

162 

350 

120 

177 

945 

250 

408 

2,425 

180 

561 

195 

120 

153 

290 

105 

142 

3,605 

140 

690 

150 

100 

121 

4,345 

100 

835 

570 

195 

282 

1,685 

180 

484 

4,345 

100 

349 

Total  in  acre- 
feet. 


10,  760 

8,997 

10,  883 

24,  278 

34,  495 

9,104 

8,731 

42,  427 

7,200 

51,  342 

16,  780 

29.  760 


Run-oflf. 


Depth  in 
feet. 


0.82 
0.69 
0.83 
1.85 
2.63 
0.69 
0.67 
3.23 
0.55 
3.91 
1.28 
2.27 


254,  757 


19.42 


Second - 

feet  per 

square 

mile. 


0.71 
0.66 
0.72 
1.66 
2.28 
0.62 
0.58 
2.80 
0.49 
3.39 
1.15 
1.97 


1.42 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  'No.  27,  page  20; 
rating  table,  page  25;  results  for  1897  in  Water- Supply  and  Irrigation  Paper  No.  15,  page  18,  and  in 
the  Eighteenth  Annual  Report,  Part  IV,  page  25. 
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Fig.  30,— Discharge  of  South  River  at  Port  Republic,  Virginia,  1895-1898. 
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SHENANDOAH    RIVER   AT    MILLVILLE. 


The  foregoing  tables,  beginning  on  page  123,  give  the  discharge  of 
a  relatively  small  portion  of  the  head  waters  of  Shenandoah  River. 
The  main  stream  has  been  measured  at  Millville,  West  Virginia,  about 
4  miles  above  the  junction  with  Potomac  River.  The  results  give  prac- 
tically the  entire  flow  from  the  Shenandoah  Valley  and  tributary 
country.  These  measurements,  as  well  as  those  along  Potomac  River, 
have  been  made  by  Mr.  Edwin  G.  Paul,  assistant  hydrographer.  The 
daily  fluctuations  for  1898  are  shown  graphically  on  the  next  page,  fig. 
31,  together  with  those  for  the  preceding  year.  In  the  case  of  1897  the 
greater  part  of  the  discharge  occurred  during  the  late  winter  or  early 
spring,  while  in  1898  the  greatest  flows  were  in  August  and  October. 

Estimated  monthly  discharge  of  Shenandoah  River  at  Millville,  West  Virginia. 

[Drainage  area,  2,995  square  miles.] 


Month. 


1898. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discbarge  in  second-feet. 


Maxi- 
mum. 


4,840 
1,650 
4,370 

10,  530 

22,  555 
1,520 
1,800 

34, 235 
1,800 

24,  745 
3,930 

13, 430 


Mini- 
mum. 


34, 235 


650 

650 

650 

1,270 

1,160 

710 

650 

780 

990 

920 

1,800 

2,130 


650 


Mean. 


1,594 

988 
1,520 
3,136 
4,239 
1,000 

833 
8,173 
1,188 
9,464 
2,557 
4,130 


3,233 


Total  in  acre- 
feet. 


98,  012 

54,  871 

93,  462 

186,  605 

260,  648 

59,  504 

51,  220 

502,  541 

70,  691 

305,  226 

152, 152 

253,  945 


2,  088,  877 


Runoff. 


Depth  in 
inches. 


0.59 
0.34 
0.57 
1.17 
1.64 
0.37 
0.32 
3.15 
0.45 
1.91 
0.94 
1.59 


13.04 


Second- 
feet  per 
square 
mile. 


0.53 
0.33 
0.51 
1.05 
1.42 
0.33 
0.28 
2.73 
0.40 
1.66 
0.85 
1.38 


0.96 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  20; 
measurements,  page  23;  rating  table,  page  25;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  19,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  150. 
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Fig.  31.— Discbarge  of  Shenandoah  River  at  Millville,  West  Virginia,  in  1897  and  1898, 


Observations  at  Millville  were  begun  on  April  15,  1895,  as  described 
in  Bulletin  No.  140,  page  53.  The  fluctuations  of  discharge  for  the 
years  1895  and  1896  are  shown  graphically  in  form  similar  to  the  above, 
fig.  31,  in  the  Eighteenth  Annual  Report,  Part  IV,  on  page  29. 
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MONOCACY   RIVER. 

Monocacy  Eiver  is  a  tributary  of  the  Potomac  entering  below  Point 
of  Rocks,  where  the  main  stream  is  measured,  and  above  the  Great  Falls 
of  the  Potomac.  It  has  not  been  found  practicable  to  make  accurate 
measurements  of  discharge  near  the  falls,  and  in  order  to  obtain  data 
regarding  the  water  power  available  a  river  station  has  been  estab- 
lished at  Point  of  Rocks  and  on  the  Monocacy.  The  total  discharge 
obtained  by  adding  the  results  secured  at  these  two  places  represents 
fairly  well  the  flow  above  the  city  of  Washington,  although  there  is 
a  small  area  drained  below  the  points  of  measurement  and  above  the 
head  works  of  possible  water-power  plants.  The  results  for  1898  are 
shown  in  the  following  table,  and  are  graphically  compared  with  those 
for  1897  in  fig.  32,  on  the  next  page. 


Estimated  monthly  discharge  of  Monocacy  River  at  Frederick,  Maryland. 

[Drainage  area,  665  square  miles.] 


Month. 


1898. 

January 

February  

March 

April 

May 

Juue 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

6,825 

600 

2,315 

8,588 

500 

1,466 

5,105 

460 

1,348 

1,966 

420 

717 

7,384 

340 

1,550 

750 

270 

429 

700 

120 

235 

6,  524 

150 

933 

210 

90 

128 

5,793 

90 

689 

6,481 

270 

1,134 

11,  297 

500 

1,899 

11,  297 

90 

1,070 

Total  in  acre- 
feet. 


142,  345 

81,  418 

82,  886 
42,  664 
95,  306 
25,  527 
14,  450 
57,  368 

7,616 

42,  365 

67,  478 

116,  766 


776, 189 


Eun-off. 


Depth  in 
inches. 


4.02 
2.29 
2.34 
1.20 
2.69 
0.72 
0.40 
1.61 
0.21 
1.20 
1.91 
3.30 


21.89 


Second- 
feet  per 
square 
mile. 


3.48 
2.20 
2.03 
1.08 
2.33 
0.65 
0.35 
1.40 
0.19 
1.04 
1.71 
2.86 


1  62 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  ISTo.  27,  page  21; 
measurements,  page  24;  rating  table,  page  25;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  20,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  153. 
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Fig.  32 — Discharge  of  Monocacy  River  at  Frederick,  Maryland,  1897  and  1898. 

POTOMAC    RIVER   AT    POINT    OF    ROCKS. 

The  nearest  point  above  the  city  of  Washington  at  which  the  flow 
of  Potomac  Eiver  can  be  economically  and  accurately  measured  has 
been  found  to  be  Point  of  Kocks,  Maryland.  The  principal  tributary 
entering  below  this  point  is  Monocacy  River,  as  stated  on  page  129. 
The  results  obtained  at  this  latter  locality  added  to  those  at  Point  of 
Rocks  give  approximately  the  total  discharge  above  Great  Falls. 


NEWELL.] 


POTOMAC    KlYER. 


131 


Estimated  monthly  discharge  of  Potomac  River  at  Point  of  Rocks,  Maryland. 

[Drainage  area,  9,654  square  miles.] 


Month. 


1898. 

January 

February  

March 

April 

May 

June 

July 

August 

September  . . . . 

October 

Novem.-jer 

December 

The  year 


Discharge  in  second-feet. 


Maximum, 


59,  300 

18,  850 

69,  200 

55,  700 

74, 150 

8,600 

6,250 

119, 150 

4,000 

92,  600 

16,  000 

57,  500 


119, 150 


Mini- 
mum. 


12,  300 

6,250 
4,900 
9,600 
6,700 
1,700 
1,350 
4,000 
2,050 
1,700 
5,800 
7,600 


1,350 


Mean. 


23,  716 

8,896 

15,  898 

16,  702 
18,  897 

4,383 

2,497 

23,  255 

2,627 

14,  350 
9,148 

15,  989 


13,  030 


Total  in  acre- 
feet. 

1,  458,  249 

494,  059 

977,  536 

993,  835 

1, 161,  939 

260,  806 

153,  536 

1,  429,  903 

156,  317 

882,  353 

544,  343 

983, 132 

9,  496,  008 

Hun -off. 


Depth  in 
inches. 


2.84 
0.96 
1.90 
1.93 
2.26 
0.50 
0.30 
2.78 
0.30 
1.72 
1.05 
1.91 


18.45 


Second - 

feet  per 

square 

mile. 


2.46 
0.92 
1.65 
1.73 
1.96 
0.45 
0.26 
2.41 
0.27 
1.49 
0.95 
1.66 


1.35 


Note. — Gage  heights  for  1898  are  given  iu  "Water-Supply  and  Irrigation  Paper  No.  27,  page  21 ; 
measurements,  page  24;  rating  table,  page  25 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  21,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  153. 
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Fig.  33. — Discharge  of  Potomac  River  at  Point  of  Rocks,  Maryland,  1895-1898. 
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PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


PARK   STATION^  ON   ROCK   CREEK. 

Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation 
Paper  No.  27,  page  22;  measurements,  page  24:  results  for  1897  in 
Water-Supply  and  Irrigation  Paper  No.  15,  page  22,  and  in  the  Nine- 
teenth Annual  Eeport,  Part  TV,  page  155, 

JAMES  RIVER. 

Measurements  on  the  headwaters  of  James  Eiver  have  been  contin- 
ued during  1898,  the  work  being  under  the  direction  of  Prof.  D.  0. 
Humphreys,  of  Lexington,  Virginia.  The  results  at  special  points  have 
been  shown  in  earlier  reports,  together  with  a  general  description  of  the 
water  powers  along  the  James,  for  which  reference  should  be  made  to 
the  Nineteenth  Annual  Report,  Part  IV. 
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Fig.  34.— Relative  location  of  river  and  rainfall  observations  in  basin  of  James  River. 
PRECIPITATION  IN   THE  BASIN   OF  JAMES  RIVER. 

The  principal  observations  of  rainfall  made  within  or  near  the  basin 
of  James  Eiver  are  at  Lexington,  Blacksburg,  Ashland,  Eichmond,  and 
Buckingham.  The  relative  location  of  these  places  is  shown  on  fig.  40, 
in  connection  with  the  points  of  river  measurements  which  are  at 
Buchanan  and  Glasgow.  The  following  table  gives  the  names  and  loca- 
tions of  the  stations,  and  the  lengths  of  the  records: 

Location  of  rainfall  stations. 


Station. 

County. 

state. 

Latitude. 

Longi- 
tude. 

Length  of 
record. 

Lexington 

Rockbridge  . .. 
Montnomerv 

Virginia  .. 
do 

0          ' 

37  46 
37  18 
37  44 
37  31 
37  34 

0        / 

79  28 

80  27 

77  36 

77  28 

78  39 

Years. 
24-26 

Blacksburg  

Ashland .. 

Hanover 

do 

Richmond 

Buckingham 

Henrico 

do  .... 



Buckinsfham  . . 

do 
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Iq  the  following  tables  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation  by  months  for 
the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which,  observations  were  made. 

Precipitation  at  stations  in  the  drainage  hasin  of  James  Biver. 

LEXINGTON. 


Year. 


Normal . 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 
3.04 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3.40 

3.34 

3.21 

3.67 

3.48 

4.03 

3.67 

4.06 

2.75 

8.11 

2.60 

2.93 

4.21 

4.97 

1.11 

1.55 

4.31 

8.10 

5.65 

5.88 

0.31 

5.35 

0.15 

1.76 

5.79 

3.44 

1.58 

4.63 

3.33 

3.99 

3.03 

1.09 

2.56 

2.44 

3.42 

2.58 

0.77 

3.47 

2.59 

5.81 

4.72 

4.44 

6.24 

3.61 

7.83 

2.10 

2.90 

Annual, 


40.36 
44.52 
37.06 
47.06 


Normal 

1896 

1897 

1898 


BLACKSBURG. 


1.51 

3.65 

6.53 

3.71 

2.08 

5.38 

7.18 

3.84 

4.83 

1.16 

4.52 

0.50 

1.65 

6.93 

3.87 

1.69 

4.23 

2.34 

6.17 

3.49 

1.19 

3.54 

1.34 

3.67 

2.96 

0.88 

3.99 

1.96 

5.83 

3.13 

3.70 

3.49 

3.42 

5.21 

1.89 

2.68 

44.89 
40.11 
39.14 


ASHLAND. 


Normal 

1896 

1897 

1898 


2.35 

3.56 

4.12 

2.00 

3.37 

3.67 

6.64 

1.46 

5.49 

0.56 

2.42 

0.51 

1.52 

6.26 

4.56 

2.82 

3.01 

3.64 

4.93 

2.28 

0.80 

6.93 

3.47 

2.67 

L61 

0.78 

4.18 

5.09 

6.05 

3.94 

4.42 

4.82 

2.86 

4.33 

1.93 

3.33 

36.15 
42.89 
43.34 


Normal 

1896.... 
1897.... 
1898.... 


RICHMOND. 


.... 

••--•• 

2.98 

4.21 

3.98 

2.22 

4.21 

6.11 

7.13 

L26 

4.61 

0.89 

3.27 

1.27 

1.90 

4.35 

5.00 

2.62 

2.46 

2.11 

3.74 

L73 

0.86 

6.62 

4.37 

4.01 

L72 

0.81 

3.43 

4.71 

6.95 

2.34 

3.50 

4.74 

3.22 

4.89 

2.93 

3.25 

41.94 
39.77 
42.49 


BUCKINGHAM. 


Normal 
1896.... 

1H97 

1898 


3.30 

3.74 

2.02 

4.96 

4.41 

6.09 

2.27 

4.83 

0.29 

3.79 

T. 

0.92 

6.70 

3.56 

2.95 

3.02 

1.90 

2.92 

0.73 

1.05 

4.72 

3.47 

2.77 

2.00 

0.40 

2.23 

3.20 

3.53 

L75 

5.00 

3.90 

2.08 

6.60 

2.17 

3.56 

34.71 
36.42 


AVERAGE. 


Normal 
1896.... 
1897.... 
1898.... 


3.40 

3.34 

3.21 

3.04 

3.67 

3.48 

4.03 

3.67 

4.06 

2.75 

3.11 

2.60 

2.61 

3.87 

4.90 

2.21 

3.23 

4.78 

7.03 

2.90 

5.13 

0.64 

3.87 

0.49 

1.55 

6.01 

4.09 

2.33 

3.47 

2.66 

4.35 

2.25 

LOO 

4.87 

3.02 

3.31 

2.17 

0.73 

3.46 

3.51 

5.63 

3.19 

4.21 

4.64 

3.04 

5.77 

2.20 

3.14 

40.36 
41.66 
38.91 
41.69 
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Run-off,  in  inches,  from  James  drainage  basin. 
JAMES,  AT  BUCHANAN. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

0.20 
0.60 
0.23 
1.98 

Nov. 

Dec. 

Annual. 

1895 

0.19 
0.84 
0.23 
0.49 

0.26 
0.72 
0.20 
1.08 

0.49 
0.89 
0.54 
1.20 

10.77 
11.49 
14.35 

1896 

0.56 

0.48 
1.06 

1.31 
3.75 
0.55 

1.88 
1.90 
1.29 

0.98 
0.88 
1.93 

0.55 
1.86 
1.98 

0.61 
0.52 
0.48 

1.29 
0.54 
0.47 

0.54 
0.36 
1.84 

0.91 

1897 

1898 

.     Average . 

0.70 

1.87 

1.69 

1.26 

1.46 

0.54 

0.73 

0.44 

0.75 

0.57 

0.76 

11.68 

NORTH,  AT  GLASGOW. 

1895 

0.15 
2.14 
0.23 
0.41 

0.15 
1.22 
0.28 
2.48 

0.21 
1.67 
0.32 
1.23 

0.38 
1.49 
0.72 
1.39 

1.00 

i8.14 
13.95 
16.59 

1896 

0.98 
0.63 
0.99 

2.15 
3.99 
0.53 

2.22 

2.63 
2.32 
1.28 

1.45 
1.19 
2.00 

0.98 
2.83 
2.38 

0.64 
0.62 
0.80 

2.04 
0.51 
0.72 

1.09 

0.75 
0.31 
2.38 

1897 

1898 

Average . 

0.83 

2.08 

1.55 

2.06 

0.69 

1.15 

0.73 

1.03 

0.86 

15.29 

Annual  rainfall  and  run-off. 


Station. 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Lexington 

Inches. 
40.36 
41.38 
40.79 
41.40 
35.57 

Inches . 
44.52 
44.89 
36.15 
41.94 

Inches. 
37.06 
40.11 
42.89 
39.77 
34.71 

Inches. 

47.06 

39.14 

43.34 

42.49 

36.42 

Blacksburg  

Ashland 

Richmond 

Buckingham 

Average 

RUN-OFF. 

Buchanan  

Glasgow 

Average 

Percentage  of  rainfall 

39.90 

41.88 

38.91 

41.69 

■ 

11.68 
15.29 

10.  77 
18.14 

11.49 
13.95 

14.35 
16.59 

13.44 

14.46 

12.72 

15. 47 

33.68 

34.53 

32.69 

37.11 

The  results  of  measurements  at  the  two  points  on  the  head  waters  of 
James  Elver — namely,  Glasgow  and  Buchanan — are  shown  in  the  tables 
on  pages  135  and  136.  Occasional  observations  of  river  flow  have  also 
been  made,  under  the  direction  of  Mr.  J.  Turner  Morehead,  at  Hol- 
comb  Rock,  Virginia,  where  the  power  is  being  used  by  the  restoration 
of  Pedlar  dam,  described  in  the  Nineteenth  Annual  lieport,  Part  IV, 
page  169. 
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NORTH   (OF   JAMES)   RIVER. 

Estimated  monthly  discharge  of  North  (of  James)  River  at  Glasgoiv,  Virginia. 

[Drainage  area,  831  square  miles.] 


Month. 


1898. 

J  anuary 

February. .. 

March 

April 

May 

June 

July 


September 
October  ... 
November . 
December  . 


The  year 


Discharge,  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

2,610 

250 

718 

730 

220 

420 

4,465 

375 

920 

3,940 

775 

1,487 

6,210 

640 

1,711 

1,285 

340 

595 

1,810 

250 

521 

14,  275 

250 

1,716 

'      1;  810 

197 

302 

17,  880 

220 

1,786 

2,  070 

560 

911 

3,640 

410 

1,007 

17,  880 

197 

1,  008 

Total  in  acre- 
feet. 


44, 148 
23,  326 
59,  569 
88,  482 

105,  206 
35,  405 
32,  035 

105,  513 
17,970 

109,  818 
54,  208 
61,  918 


Run-oflt'. 


Depth  in 
inches. 


737,  598 


0.99 
0.53 
1.28 
2.00 
2.38 
0.80 
0.72 
2.38 
0.41 
2.48 
1.23 
1.39 


Second- 
feet  per 
square 
mile. 


0.86 
0.51 
1.11 
1.79 
2.06 
0.72 
0.63 
2.06 
0.36 
2.15 
1.10 
1.21 


16.59 


1.21 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  22; 
meiisnrements,  page  24;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper  No.  15,  page  2B,  and 
in  the  Nineteenth  Annual  Report,  Part  IV,  page  162. 
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Estimated  monthly  discliarge  of  James  Hirer  at  Buchanan,  Vinjinia. 

[Draiiiage  area,  2,058  square  miles.] 


Month. 


1898. 

January 

February . . 


Discharge,  in  second-feet. 


Maxi- 
mum. 


3,830 
1,700 
March i  11,930 


April. .. 

May 

June  .  .. 
July  ... 
August . 


8,580 
19,  770 

1,380 

1,720 
21,  345 

September '     5,  050 

31,  280 

6,660 


October  . . 
November 


December ,5,230 


The  year 


31,  "280 


Mini- 
mum. 


870 

800 

940 

1,380 

1,010 

610 

510 

730 

510 

670 

1,090 

1,180 


510 


Mean. 


1,897 

1,084 

2,305 

3,509 

3,  537 

889 

734 

3,298 

900 

3,535 

1,991 

2,148 


2,152 


Total  in  acre- 
feet. 


116,  643 
60,  202 
141,  730 
208,  800 
217,  483 

52,  899 
45, 132 

202,  787 

53,  554 
217,  360 
118, 473 
132,  075 


1,  567, 138 


Run-oft". 


Depth  in 
inches. 


1.06 
0.55 
1.29 
1.93 
1.98 
0.48 
0.47 
1.84 
0.49 
1.98 
1.08 
1.20 


14.35 


Second- 
feet  per 
square 
mile. 


0.92 
0.53 
1.12 
1.73 
1.72 
0.43 
0.41 
1.60 
0.44 
1.72 
0.97 
1.04 


1.05 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  23; 
measurements,  page  24 ;  results  for  1897  in  Water-Sujiply  and  Irrigation  Paper  No.  15,  page  24 ;  and  in 
the  Nineteenth  Annual  Eeport,  Part  IV,  page  172. 
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Fig.  36.— Discharge  of  Jamea  River  at  Buchanan,  Virginia,  1898. 
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SOUTHERNS"  ATLAIS^TIC   COAST   BRAI:N^AGE. 

Under  this  general  head  are  included  the  streams  flowing  into  the 
Atlantic  from  the  Roanoke  on  the  north  to  Altamaha  River  of  south- 
ern Georgia. 

ROANOKE    RIVER. 

Measurements  at  several  points  along  this  river  have  been  carried 
on,  under  the  direction  of  Prof.  J.  A.  Holmes,  State  geologist  of  l^Torth 
Carolina,  by  E.  W.  Myers,  the  results  of  which  are  shown  in  the  follow- 
ing tables. 


Fig.  37. — Relative  location  of  river  and  rainfall  observations  in  basin  of  Roanoke  River. 
PRECIPITATION   IN   THE   BASIN   OF  ROANOKE   RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
Roanoke  River  are  at  Ghristiansburg,  Salem,  Bedford  City,  and  Clarks- 
ville.  The  relative  location  of  these  i^oints  is  shown  in  hg.  37,  in  con- 
nection with  the  points  of  river  measurement,  which  are  at  Roanoke, 
Clarksville,  and  Neal.  The  following  table  gives  the  names  and  loca- 
tions of  the  stations,  the  elevations,  and  the  number  of  years  during 
which  the  observations  have  been  made,  or  rather,  the  number  of  com- 
l^lete  monthly  observations  used  in  computing  the  normals: 

Location  of  rainfall  station s. 


Station, 

Coiiut3\ 

state. 

Latitude. 

Longi- 
tude. 

Eleva- 
tion. 

Length  of 
record . 

Cbristiansburg . 
Salem 

Montgomery. .. 
Roanoke 

Virginia  .. 
do 

o        / 

37  05 
37  18 
37  20 
36  38 

o 

80  23 
80  03 

79  28 
78  33 

Feet. 

2,160 

1,200 

900 

280 

Years. 
9-12 
4-8 
6-9 
3-7 

Bedford  City  . . . 
Clarksville 

Bedford 

do 

Mecklenburg  .. 

do 
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In  tbe  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation,  by  months, 
for  the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 


Precipitation  in  the  'basin  of  Boanole  River. 
CHRISTIANSBURG. 


Year. 


Normal 
1896.... 
1897.... 
1898. . . . 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.53 

3.12 

3.05 

2.31 

3.24 

3.17 

3.82 

3.72 

3.33 

3.05 

1.78 

2.01 

1.07 

2.64 

6.36 

2.80 

3.91 

3.76 

6.94 

1.21 

5.20 

1.15 

3.72 

0.60 

1.59 

6.80 

3.62 

1.76 

2.88 

2.04 

4.34 

3.23 

2.13 

3.88 

0.81 

3.66 

2.78 

0.39 

3.08 

1.93 

5.86 

2.52 

4.21 

3.13 

4.17 

5.11 

2.28 

2.54 

Annual. 


36.13 
39.36 
36.74 
38.00 


SALEM. 


Normal 

1896 

1897.... 
1898.-.. 


2.88 

4.38 

3.45 

2.74 

3.96 

3.32 

4.51 

2.45 

4.01 

2.54 

2.19 

2.64 

2.82 

4.37 

5.77 

2.46 

2.01 

4.79 

6.53 

1.41 

4.92 

0.53 

5.16 

0.41 

1.69 

7.56 

3.73 

1.56 

4.03 

1.31 

3.64 

1.76 

2.56 

4.17 

1.25 

3.82 

2.95 

0.59 

3.35 

1.99 

6.74 

2.82 

5.06 

4.14 

3.66 

8.63 

1.50 

2.58 

39.07 
41.18 
37.08 
40.00 


BEDFORD  CITY. 


Normal 
1896.... 
1897..-. 
1898..-. 


2.56 

2.16 

a2.56 

2.48 


3.99 

4.30 

a3.99 

1.02 


3.26 
5.13 
3.  10 
4.03 


2.65 
1.89 
1.50 
3.21 


3.82 
1.82 
3.70 
7.81 


3.17 


3.68 
2.53 


3.30 


1.70 
4.26 


3.76 
3.55 
0.87 
3.67 


3.46 
6.75 
1.00 
4.08 


3.20 


3.63 
8.66 


2.71 
5.00 
2.  .52 
2.05 


2.64 


38.52 


3.55  !    31.80 
4.16  I    47.96 


CLARKSVILLE. 


Normal 

1896 

1897... . 
1898 


3.53 


1.55 


5.16 


a5.16 


3.81 
4.16 
4.58 
2.10 


3.81 
5.40 
2.85 
1.80 


4.71 
4.46 
4.59 
5.46 


3.08 
3.17 
2.68 
4.18 


5.34 
9.47 


4.27 


4.07 
0.28 
1.16 
3.42 


2.32 


0.25 
4.10 


2.14 


1.15 
3.38 


2.20 


1.03 
1.80 


2.48 


2.45 
1.65 


42.65 


38.  87 


AVERAGE. 


Normal . 

1896 

1897 

1898 


2.88 

4.16 

3.39 

2.88 

4.18 

3.19 

4.24 

3.50 

3.28 

2.73 

2.22 

2.44 

2.02 

3.77 

5.36 

3.14 

3.05 

3.91 

7.65 

J. 61 

5.62 

0.84 

4.63 

0.51 

1.95 

6.12 

3.76 

1.92 

3.80 

2.43 

3.23 

1.76 

1.49 

3.21 

1.40 

3.37 

2.44 

1.79 

3.14 

2.23 

6.47 

3.01 

4.45 

3.59 

4.00 

6.45 

1.91 

2.73 

1 

39.09 
42.11 
34.44 
42.21 


a  Record  for  month  missing  ami  normal  value  substituted. 
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Depth  of  run-off,  in  inches,  from  Roanoke  drainaf/e  basin. 
ROA:f^OKE,AT  ROANOKE. 


Year. 


1897. 
1898. 


Average . 


Jan. 


0.20 
1.48 


Feb. 


0.84 


5.13 
0.95 


3.04 


Mar. 


2.81 
1.07 


1.94 


Apr. 


1.16 
1.41 


1.28 


May. 


2.65 
2.64 


2.65 


June. 


1.08 


July. 


0.61 
0.56 


0. 92     0.  59 


Aug. 


0.47 

1.87 


1.17 


Sept. 

0.53 
1.19 


0.86 


Oct. 


0.75 
3.59 


2.17 


Nov. 

0.21 

1.50 


0.86 


Dec.  'Annual. 


0.39 
2.14 


1.27 


15.99 
19.15 


17.57 


DAN,  AT  CLARKSVILLE. 


1896. 
1897. 


Average . 


aO.78 
0.78 

1.48 
2.53 

1.53 
1.83 

1.44 
1.02 

0.84 
1.52 

0.64 
0.39 

1.49 
0.43 

0.37 
0.30 

0.41 
0.22 

0.58 
0.48 

0.68 
0.50 

0.72 
0.68 

0.78 

2.01 

1.68 

1.23 

1.18 

0.52 

0.96 

0.34 

0.32 

0.53 

0.59 

0.70 

10.96 
10.68 

10.84 


STAUNTON,  AT  CLARKSVILLE. 


1896. 
1897. 


Average . 


al.88 
1.88 

1.88 

1.42 
3.11 

2.27 

1.02 
2.10 

1.28 
1.13 

0.75 
1.74 

0.52 
0.72 

1.20 
0.45 

0.28 
0.32 

0.37 
0.22 

0.54 
0.49 

0.63 
0.52 

0.67 
0.78 

1.56 

1.21 

1.25 

0.62 

0.83 

0.30 

0.30 

0.52 

0.58 

0.73 

ROANOKE,  AT  NEAL. 


10.50 
13.46 


12.05 


1896. 
1897. 
1898. 


i 

0.41 
0.36 
0.63 

0.41 
0.28 
1.02 

1.21 
0.33 
1.13 

0.89 

0.75 
0.40 
0.82 

0.98 
0.72 
1.19 

r 

0.60 
0.61 

3.36 
0.43 

3.02 
0.49 

1.08 
0.88 

1.15 
1.73 

0.55 
0.69 

0.52 
0.49 

! 

Average . 

0.61 

1.90 

1.76 

0.98 

1.44 

0.62 

0.51 

0.47 

0.57 

0.66 

0.63 

12.37 
10.11 


11.04 


a  Estimated. 


Annual  rainfall  and  run-off. 


Station. 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Christiansburg 

Inches. 

36.13 
39.07 
38.52 
42.65 

Inches. 

39.36 
41.18 

Inches. 
36.74 
37.08 
31.  80 

Inches. 
38.00 
40.  00 
47.96 
38.87 

Salem 

Bedford  City 

Clarksville 

Average 

39.09 

40.27 

35.21 

41.21 

RUN-OFF. 

Roanoke  at  Roanoke 

17.57 
11.04 
10.84 
12.05 

15.99 
12.37 
10.68 
13.46 

19.15 
10.11 

Roanoke  at  Neal 

Dan  at  Clarksville 

10.  96 
10.56 

Staunton  at  Clarksville 

Average 

Percentage  of  rainfall 

12.88 

10.76 

13.13 

14.63 

32.  95 

,  26.  72 

37.29 

35.  50 
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PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


Estimated  monthly  dischanje  of  lioanole  River  at  lioanoke,  Virginia. 

[Drainage  area,  388  square  miles.] 


Month. 


1897. 

January  

February  

March 

April 

May 

June 

'July 

August 

September  . . . . 

October 

November 

December 

The  year 

•     1898. 

January 

February  

March 

April  1-16 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  aecond-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

92 

47 

66 

11,  550 

47 

1,911 

3,632 

120 

946 

640 

230 

402 

3,900 

310 

894 

565 

85 

377 

725 

70 

204 

565 

77 

160 

640 

33 

182 

725 

110 

252 

110 

55 

75 

280 

55 

130 

11,  550 

33 

467 

1,320 

110 

498 

770 

120 

355 

2,200 

60 

359 

1,035 

280 

490 

5,520 

80 

888 

530 

120 

265 

565 

30 

191 

2,289 

135 

629 

3,095 

135 

417 

5,700 

280 

1,208 

980 

340 

521 

2,826 

230 

720 

5,700 

30 

545 

Total  in  acre- 
feet. 


4,058 
106, 130 
58, 167 
23,  921 
54,  970 
22,  433 
12,  544 

9,838 
10,  829 
15, 494 

4,463 

7,993 


330,  840 


30,  621 
19,  716 
22,  074 
29, 157 
54,  601 
15,  769 
11,  744 
38,  676 
24,  813 
74,  278 

31,  002 
44,  271 


396,  722 


Run-off. 


Depth  in 
inches. 


0.20 
5.13 
2.81 
1.16 
2.65 
1.08 
0.61 
0.47 
0.53 
0.75 
0.21 
0.39 


15.99 


1.48 
0.95 
1.07 
1.41 
2.64 
0.75 
0.56 
1.87 
1.19 
3.59 
1.50 
2.14 


19.15 


Second- 
feet  per 
square 
mile. 


0.17 
4.93 
2.44 
1.04 
2.30 
0..97 
0.53 
0.41 
0.47 
0.65 
0.19 
0.34 


1.20 


1.28 
0.91 
0.93 
1.26 
2.29 
0.68 
0.49 
1.62 
1.07 
3.11 
1.34 
1.86 


1.40 


Note. — Gage  heights  for  1898  are  given  in  Water- Suppl}'  and  Irrigation  Paper  No.  27,  page  32; 
measurements,  page  44;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No.  15,  page  25,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  page  174. 
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Fig.  38.~Discharge  of  Roanoke  Eiver  at  Roanote,  Virginia,  1897  and  1898. 

The  above  figure  shows  the  fluctuations  of  supply  near  the  liead 
waters  of  Koanoke  Kiver,  where  the  drainage  area  is  only  388  square 
miles.  For  comparison  with  this,  reference  should  be  made  to  the 
diagram  on  the  next  page  showing  the  fluctuations  of  the  river  in  its 
lower  course,  where  the  drainage  area  is  8,717  square  miles.  The  ver- 
tical distance  in  this  latter  diagram  represents  values  about  ten  times 
as  great  as  those  in  tig.  38. 
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PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1898. 


Estimated  monthly  diHcharge  of  Roanoke  liiver  at  Neal,  North  Carolina. 

I  Drainage  area,  8,717  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


1898. 

January   11,300 

February  5,910 

March 6,  900 

April j  14, 120 

May  j  29,  859 

Juue 14,  755 

July 5,910 

August ;  14,  595 

September :  34,  274 

October !  28,762 

November 17.  204 


December 


The  year 


24,  735 


3,200 
2,935 
2,935 
3,568 
3,200 
2,445 
2,347 
2,895 
2,060 
2,855 
3,810 
3,910 


34,  274       2,  060 


Mean. 


4,597 
3,544 
3,736 
6,903 
13, 100 
5,399 
3,766 
4,  815 
7,980 
8,582 
6,437 
8,958 


6,485 


Total  in  acre- 
feet. 


Run-ofF. 


Depth  in 
inches. 


282,  660 
196,  824 
229,  719 
410,  756 
805,  493 
321,  262 
231,  564 
296,  065 
474,  842 
527,  690 
383,  027 
550,810 


0.61 
0.43 
0.49 
0.88 
1.73 
0.69 
0.49 
0.63 
1.02 
1.13 
0.82 
1.19 


Second- 
feet  per 
square 
mile. 


4,  710,  712  I     10. 11 


0.53 
0.41 
0.43 
0.79 
1.50 
0.62 
0.43 
0.55 
0.92 
0.98 
0.74 
1.03 


0.74 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  33 ;  rating 
table,  page  45;  results  for  1897  in  Water  Supply  and  Irrigation  Paper  No.  15,  page  28,  and  in  the  Nine- 
teenth Annual  Report,  Part  IV,  page  181. 
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Fig.  39. — Discharge  of  Eoanoko  River  at  Neal,  North  Carolina,  1898. 


NEWELL.] 


SOUTHERN    ATLANTIC    COAST    DRAINAGE. 


143 


TAR  RIVER. 

Estimated  monthly  discharge  of  Tar  River  at  Tarboro,  North  Carolina. 

[Drainage  area,  2,290  square  miles.] 


Month. 


1898. 

Jauuary 

February  . 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November  . 
December  . 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

2,957 

1,580 

3,  787 

5,510 

8,680 

3,  420 

6,925 

4,880 

\     4, 460 

1     1, 430 

i     2,735 

8,050 

905 

730 

750 
905 

1,085 
470 
385 
505 
360 
385 
690 

1,480 

1,380 
1,051 
1,697 
2,523 
3,438 
1,600 
2,419 
1,733 
1,356 
816 
1,338 
3,110 

8,680 

360 

1,872 

Total  in  acre- 
feet. 


84,  853 

58,  370 

104,  345 

150, 129 

211,  394 

95,  207 

148,  738 

106,  558 

80,  688 

50, 174 

79,  617 

191,  227 


1,  361,  300 


Run-off. 


Depth  in 
inches. 


0.69 
0.48 
0.85 
1.23 
1.73 
0.78 
1.22 
0.87 
0.65 
0.41 
0.64 
1.57 


11.12 


Second- 
feet  per 
square 
mile. 


0.60 
0.46 
0.74 
1.10 
1.50 
0.70 
1.06 
0.76 
0.59 
0.36 
0.58 
1.36 


0.82 


Note. -Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  34; 
measurements,  page  44;  results  for  1897  in  Abater-Supply  and  Irrigation  Paper  No.  15,  page  29,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  page  183. 
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Fig.  40  —Discharge  of  Tar  River  at  Tarboro,  North  Carolina,  1898. 
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NEUSE  RIVER. 

Estimated  inonthhj  discharge  of  Neuse  River  at  Selma,  Xorth  Carolina. 

[Drainage  area,  1,175  square  iniles.] 


Month, 


Discharge  in  second-feet. 


1898. 
January  . . . 
February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

Xovember  . . 
December  . . 


Maxi- 
mum. 


Tlie  year 


3,050 
792 
4,150 
5,490 
5,250 
1,960 
3,050 
4,920 
6,350 
732 
2,390 
5,470 


6,350 


Mini- 
mum. 

Mean. 

350 

661 

325 

430 

375 

1,132 

400 

1,614 

275 

1,798 

230 

555 

252 

927 

252 

1,310 

325 

1,379 

185 

424 

425 

857 

475 

1,300 

185 

1,032 

Total  in  acre- 
feet. 


Run  off. 


Depth  in 
inches 


40,  644 
23, 881 
69,  604 
96,  039 
110,  555 
33,  025 
56,  999 
80,  549 
82,  056 
26,  071 
50,  995 
79,  934 


750,  352 


0.64 
0.39 
1.10 
1.53 
1.76 
0.53 
0.91 
1.28 
1.31 
0.41 
0.81 
1.28 


11.95 


Second- 

feet  per 

square 

mile. 


0.56 
0.37 
0.96 
1.37 
1.53 
0.47 
0.79 
1.11 
1.17 
0.36 
0.73 
1.11 


0.87 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  34; 
measurements,  page  44 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No.  15,  page  30,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  page  185. 
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Fig.  41. — Discharge  of  Neuse  River  at  Selma,  North  Carolina,  1898. 
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CAPE  FEAR  RIVER. 

Estimaied  monthly  discharge  of  Cape  Fear  Elver  at  Fayetteville,  North  Carolina. 

[Drainage  area,  4,493  square  miles.] 


Month. 


1898. 
January  ... 
February  .. 

March 

April 

May 

June 

J»iy 

August 

September  . 

October  

November  . . 
December  .. 


Discharge  in  second-feet. 


Maxi- 
mum. 


The  year 


7,333 
2,740 

12,  249 

13,  608 
6,133 
3,280 
8,665 

24,  072 

10,  277 

4,955 

7,333 

9,781 


Mini- 
mum. 


\ 


Mean. 


1,319 

1,145 

1,273 

1,620 

1,145 

519 

489 

910 

876 

612 

1,417 

1,994 


24,  072 


2,126 
1,735 
3,303 
4,395 
2,369 
1,181 
2,793 
5,655 
3,674 
1,739 
2,982 
3,387 


Total  in  acre- 
feet. 


Eun-oflf. 


489 


2,945 


130,  723 
96,  357 
203,  095 
261,  520 
145,  665 
70,  274 
171,  736 
347,  715 
218,  618 
106,  928 
177,  441 
208,  260 


Depth  in 
inches. 


2, 138,  332 


0.54 
0.41 
0.85 
1.09 
0.61 
0.29 
0.71 
1.45 
0.91 
0.45 
0.73 
0.86 


Second- 
feet  per 
square 
mile. 


0.47 
0.39 
0.74 
0.98 
0.53 
0.26 
0.62 
1.26 
0.82 
0.39 
0.66 
0.75 


8.90 


0.66 


N"OTE— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  JN^o.  27,  page  36; 
measurements,  page  44 ;  rating  table,  page  45 ;  results  for  1897  in  Water-Supply  and  Irrigation  Papet 
No.  15,  page  31,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  187. 
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26, 000 


Fig.  42.— Discharge  of  Cape  Fear  Eivor  at  Fayetteville,  North  Carolina,  1898. 
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HAW   RIVER. 

Monciire  station  on  Haw  Eiver  is  described  in  Water-Supply  and 
Irrigation  Paper  Ko.  27,  pages  25-26;  gage  heights  for  1898  are  given 
on  page  35,  and  measurements  on  page  44. 

DEEP   RIVER. 

Moncure  station  on  Deep  River  is  described  in  Water- Supply  and 
Irrigation  Paper  No.  27,  page  26;  gage  heights  for  1898  are  given  on 
page  35,  and  measurements  on  page  44. 

On  PI.  VIII,  A,  is  shown  a  view  of  the  dam  across  Deep  River,  about 
3  miles  above  its  junction  with  Haw  River  to  form  Gape  Fear  River. 
This  is  near  Lockville,  IlTorth  Carolina,  on  the  Seaboard  Air  Line.  On 
PI.  YIII,  i^5  is  a  view  of  a  canal  from  Broad  River  in  Rutherford 
County,  North  Carolina,  supplying  water  power  for  the  Henrietta  Cot- 
ton Mill  No.  1.  In  the  center  of  the  larger  buildings  is  a  rope  case  in 
which  are  the  ropes  transmitting  power  from  the  water  wheels. 


YADKIN  RIVER. 

Estimated  monthly  discharge  of  Yadkin  Eiver  at  Salishury,  North  Carolina. 

[Drainage  area,  3,399  square  miles.] 


Month. 


1898. 

January 

February  

March 

April 

May 

June 

July 

August  

September  .... 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

9,290 

2,850 
13,  820 
10,  645 
12,  058 

2,567 
10,  450 
12, 880 
79, 998 
16,  550 

4,800 
12,  645 

2,100 

1,400 
1,725 
1,550 
1,550 
1,400 
1,100 
1,725 
1,400 
1,725 
1,  725 
1,550 

3,460 
1,957 
3,119 
2,977 
2,928 
1,855 
3,178 
5,185 
8,297 
4,411 
2,211 
3,257 

79,  998 

1,  .100 

3,569 

Total  in  acre- 
feet. 


212,  747 
108,  686 
191,  780 
177, 144 
180,  036 
110,  380 
195, 408 
318,  813 
493,  706 
271, 222 
131,  564 
200,  265 


2,  591,  751 


Run-off. 


Depth  in 
inches. 


1.18 
0.60 
1.06 
0.98 
0.99 
0.61 
1.08 
1.76 
2.72 
1.50 
0.72 
1.10 


14.30 


Second- 
feet  per 
square 
mile. 


1.02 
0.58 
0.92 
0.88 
0.86 
0.55 
0.94 
1.53 
2.44 
1.30 
0.65 
0.96 


1.05 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  36; 
measurements,  page  44 ;  results  for  1897  in  Water- Supply  and  Irrigation  Paper  No.  15,  page  32,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  page  194. 
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Fig.  43.— Discharge  of  Yadkin  River  at  Salisbury,  North  Carolina,  1898. 
EsUmated  monthly  discharge  of  Yadkin  liiver  at  Norwood,  North  Carolina. 

[Drainage  area,  4,614  square  miles.] 


Month. 


1898. 

January 

February  

JNIarch 

April 

IVIay 

June 

July 

August 

September 

October 

November   .... 
December 

The  year 


Discharge  in  second-feet. 

Maxi- 

111  UUl. 

Mini- 
mum. 

Mean. 

11,330 

2,780 

4,506 

4,300 

2,780 

3,445 

27,  490 

2,780 

5,972 

15,  820 

3,540 

6,128 

18,  000 

2,400 

4,  469 

5,820 

1,650 

2,755 

8,480 

1,380 

3,928 

12,  800 

2,110 

5,353 

63,  260 

1,820 

8,887 

23,  840 

3,160 

7,045 

9,240 

3,540 

5,  858 

17,  270 

3,540 

7,461 

63,  260 

1,380 

5,484 

Total  in  acre- 
feet. 


277,  063 
191,  325 
367,  204 
364,  641 
274,  788 
163, 934 
241,  523 
329, 143 
528,  813 
433, 180 
348,  575 
458,  759 


Run-off. 


Depth  in 
inches. 


3,  978,  948 


1.13 
0.78 
1.49 
1.48 
1.12 
0.67 
0.98 
1.34 
2.15 
1.76 
1.41 
1.87 


Second- 
feet  per 
square 
mile. 


0.98 
0.75 
1.29 
1.33 
0.97 
0.60 
0.85 
1.16 
1.93 
1.53 
1.27 
1.62 


16. 18 


1.19 
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Fig.  44. — Discbarge  of  Yadkin  River  at  Norwood,  North  Carolina,  1898. 


SANTEE    RIVER. 

San  tee  Eiver  is  formed  by  the  junction  of  Wateree  and  Congaree 
rivers  in  South  Carolina.  The  former  stream  is  known  by  the  name  of 
Catawba  Eiver  through  INTorth  Carolina,  while  the  latter  is  formed  at 
Columbia  by  the  confluence  of  the  Broad  and  Saluda  rivers.  The  head- 
waters are  in  the  Blue  Ridge  in  the  western  part  of  the  State,  adjoin- 
ing the  tributaries  of  the  Yadkin  on  the  northeast  and  of  the  Tennessee 
on  the  west. 

Measurements  of  the  flow  of  a  number  of  tributaries  of  Santee  River 
have  been  made  at  points  in  North  Carolina  and  South  Carolina,  as 
shown  on  the  following  pages.  On  Catawba  River  two  stations  have 
been  established,  the  upper  at  Catawba,  North  Carolina,  where  the 
drainage  area  is  1,535  square  miles,  and  the  lower  about  10  miles  below 
the  State  line,  in  South  Carolina,  where  the  drainage  area  is  2,987 
square  miles.  The  distance  between  these  stations  is  approximately 
75  miles.  On  the  head  waters  of  Congaree,  river  stations  have  been 
maintained  on  Broad  River  at  Alston,  about  25  miles  above  Columbia, 
South  Carolina,  and  on  Saluda  at  Waterloo,  about  80  miles  above 
Columbia.  The  measurements  on  these  streams  have  been  made  by 
Mr.  E.  W.  Myers,  under  the  direction  of  Prof.  J.  A.  Holmes. 
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CATAWBA  RIVER. 

Estimated  monthly  discharge  of  Cataivha  Eiver  at  Catawha,  North  Carolina. 

[Drainage  area,  1,535  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

J  anuary 9,  700 

February 1,725 

March 15,600 

April 3,675 

May 4,135 

June • I     4,135 

July 14,125 

August 21,942 

September 52,600 

October '  27,  400 

November |     3,  675 

December 9,  995 


The  year 


52,  600 


Mini- 
mum. 


1,280 
1,350 
1,280 
1,575 
1,210 
1,000 
1,140 
2,100 
1,500 
2,675 
1,  875 
2,175 


1,000 


Mean. 


2,103 
1,417 
2,270 
1,949 
1,600 
1,322 
3,321 
5,042 
6,620 
7,250 
2,691 
3,162 


3,229 


Rui 

Total  in  acre- 
feet. 

Depth  in 
inches. 

129,  310 

1.58 

78,  696 

0.96 

139,  578 

1.71 

115,  973 

1.42 

98,  381 

1.20 

78,  664 

0.95 

204,  202 

2.48 

310,  022 

3.80 

393,  916 

4.79 

445,  788 

5.45 

160, 125 

1.95 

194,  425 

2.38 

2,  349,  080 

28.67 

Second- 
feet  per 
square 
mile. 


1.37 
0.92 
1.48 
1.27 
1.04 
0.86 
2.15 
3.29 
4.30 
4.72 
1.75 
2.06 


2.10 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  37; 
measurements,  page  44;  rating  table,  page  45;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
Ko.  15,  page  34,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  page  204. 
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Fia.  45.— Discharge  of  Catawba  River  at  Catawba,  North  Carolina,  1898. 
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Estimated  monthly  discharge  of  Catawba  River  near  Rockhill,  South  Carolina. 

[Drainage  area,  2,987  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


9,450 
3,700 


1898. 

January  

February  

March |  18,400 

April 10,  500 

May I     4,  480 

June .'     7,220 

July j     9,  600 

August '  22,500 

September 

October 

November 

December 


Mini- 
mum. 


The  year 


36,  5C0 

6,640 

12,  080 


36,  500 


2,810 
2,610 
2,610 
2,610 
2,100 
1,800 
1,800 
3,240 


Mean. 


4,480 
5,000 
4,480 


3,652 
2,968 
3,674 
4,090 
2,747 
2,650 
3,824 
6,  355 
a  6,  042 
10,  489 
5,523 
6,185 


1,800 


4,850 


Rui 

Total  in  acre- 
feet. 

Depth  in 
inches. 

224,  554 

1.41 

164,  834 

1.03 

225,  907 

1.42 

243,  371 

1.53 

168,  908 

1.06 

157,  686 

0.99 

.    235, 130 

1.48 

390,  756 

2.46 

a  359,  524 

a  2.  25 

644,  947 

4.05 

328,  641 

2.06 

380,  303 

2.39 

3,  524,  561 

22.13 

Second - 

feet  i)er 

square 

mile. 


1.22 
0.99 
1.23 
1.37 
0.92 
0.89 
1.28 
2.13 
a2.02 
3.51 
1.85 
2.07 


1.62 


a  Approximate. 
l^OTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  38; 
measurements,  page  44;  rating  table,  page  45;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  35,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  page  204. 
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BROAD    RIVER. 

Estimated  monthly  discharge  of  Broad  River  at  Alston,  South  Carolina, 

[Drainage  area,  4,609  square  miles.] 


Month. 


1897. 
January. -. 
February . . 

March 

April. .... . 


Discharge  in  second-feet. 


Maxi- 
mum. 


16,  450 
47,  375 
28,  500 
39,  500 

May !     9,055 

28,  000 

11,  620 

13,  460 

8,005 

15, 185 

7,590 

5,990 


June 

July 

August 

September 
October  ... 
November  . 
December  . 


The  year 

1898. 

January 

February 

March 

April 

May 

June 

July 

August 

September  .... 

October 

November 

December 


47,  375 


The  year 


14, 150 

4,490 

10,  360 

14,  495 
4,397 
6,090 

12,  770 

15,  875 
28,  500 
18,  800 

6,890 
12,310 


28,  500 


Mini- 
mum. 


2,520 
3,000 
4,397 
4,215 
3,150 
2,850 
2,780 
2,080 
1,900 
1,980 
2,205 
2,850 


1,900 


2,850 
2,925 
3,000 
3,460 
2,010 
1,  835 
1,815 
3,460 
2,010 
2,850 
3,620 
3,227 


1,815 


Mean. 


4,382 
13,  460 
11,  056 
9,958 
4,636 
6,840 
4,330 
3,663 
2,739 
3,658 
3,210 
3,786 


5,976 


4,608 
3,443 
4,082 
6,029 
2,958 
2,  928 
4,960 
7,  074 
7,  444 
6,  459 
4,637 
5,666 


5,024 


Total  in  acre- 
feet. 


269,  440 
747,  531 
679,  811 
592,  541 
285,  058 
407,  007 
266,  243 
225,  231 
162,  981 
224,  923 
191,  008 
232,  794 


4,  284,  568 


283,  337 
191,  215 
250,  994 
358,  750 
181,  882 
174,  228 
304,  980 
434,  966 
442,  948 
397, 151 
275,  919 
348,  391 


3,  644,  761 


Run-off. 


Depth  in 
inches. 


1.09 
3.04 
2.77 
2.41 
1.16 
1.65 
1.04 
0.92 
0.65 
0.91 
0.78 
0.94 


17.36 


1.15 
0.77 
1.02 
1.46 
0.74 
0.71 
1.25 
1.76 
1.81 
1.61 
1.13 
1.42 


14.83 


Second- 
feet  per 
square 
mile. 


0.95 
2.92 
2.40 
2.16 
1.01 
1.48 
0.94 
0.80 
0.59 
0.79 
0.70 
0.82 


1.30 


1.00 
0.74 
0.89 
1.31 
0.64 
0.64 
1.08 
1.53 
1.62 
1.40 
1.01 
1.23 


1.09 


Note. — Gage  heights  for  1898  are  given  in  AYater-Supply  and  Irrigation  Paper  1^0.27,  page  39; 
measurements,  page  44;  rating  table,  page  45;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper 
Xo.  15,  page  34,  and  in  the  Xiueteenth  Annual  Report,  Part  IV,  page  204. 
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Sec. -ft. 
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Fig.  47.— Discharge  of  Broad  River  at  Alston,  South  Carolina,  1897  and  1898. 

The  above  diagram  gives  the  daily  fluctuatioDS  of  Broad  iiiver  for 
two  years,  bringing  out  the  striking  difference  that  during  1897  the 
greater  i)art  of  the  water  occurred  in  February,  March,  and  April, 
while  in  1898  the  Hoods  during  late  winter  and  spring  are  few  and 
small.  This  difference  is  noticeable  on  a  number  of  diagrams  given  on 
the  preceding  pages. 
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SALTTDA   RIVER. 

Estimated  monthli/  discharge  of  Saluda  Rive?'  at  Waterloo,  South  Carolina. 

[Drainage  area,  1,056  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1897. 

January 6,530 

February I  12,330 

March 8,  330 

April 12,730 

May 5,030 

June 7,  980 

July 2,430 

August 2,  355 

September |  1,  512 

October '  3,270 

November 2,092 

December 1,512 


The  year. 

1898. 

January  

February  

March 

April 

May  

June 

Jnly 

August 

September 

October 

November 

December 


12,  730 


4,055 
1,330 
3,  710 
3,470 
1,_  420 
2,167 
4,100 
6,830 
8,230 
7,080 
2,  655 
3,830 


The  year i     8,230 


Mini- 
mum. 


782 

1,420 

1,160 

1,360 

651 

630 

672 

375 

350 

335 

485 

715 


335 


570 
505 
527 
805 
400 
350 
290 

1,052 
828 

1,160 
693 
900 


290 


Mean. 


1,550 
3,653 
3,382 
3,125 
1,668 
1,806 
1,140 
912 
778 
1,001 
1,165 
1,166 


1,779 


1,369 
1,009 
1,213 
1,612 
968 
888 
1,453 
2,331 
2,263 
2,314 
1,469 
1,992 


1,573 


Total  in  acre- 
feet. 


95,  306 
202,  877 
207,  952 
185,  950 
102,  562 
107,  464 

70,  096 
56,  077 
46,  294 
61,  549 
69,  322 

71,  695 


1,  277, 144 


84, 177 

56,  037 

74,  585 

95,  920 

59,  520 

52,  840 

89,  342 

143,  329 

134,  658 

142, 283 

87,  411 

122,  484 


1, 142,  586 


Run-off. 


Depth  in 
inches. 


1.69 
3.60 
3.70 
3.41 
1.82 
1.91 
1.25 
0.99 
0.82 
1.09 
1.23 
1.27 

22.78 


l.SO 
1.00 
1.35 
1.71 
1.06 
0.93 
1.59 
2.55 
2.39 
2.53 
1.55 
2.18 


20.34 


Second - 

feet  per 

square 

mile. 


1.47 
3.46 
3.20 
2.96 
1.58 
1.71 
1.08 
0.86 
0.74 
0.95 
1.10 
1.10 


1.68 


1.30 
0.96 
1.17 
1.53 
0.92 
0.84 
1.38 
2.21 
2.14 
2.19 
1.39 
1.89 


1.49 


IS'^OTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  39; 
measurements,  page  44;  rating  table,  page  46;  results  for  1897  in  AVater-Supply  and  Irrigation  Paper 
No.  15,  page  38,  and  in  the  Nineteenth  Annual  Report,  Fart  lY,  page  221. 
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Fig.  48.— Discharge  of  Saluda  River  at  ■Waterloo,  South  Carolina,  1897  and  1898. 


SAVANNAH  RIVER. 

Savamiali  River  is  formed  by  the  junction  of  the  Tugaloo  with  the 
Seneca  (or  Keowee)  Eiver  about  100  miles  above  Augusta,  Georgia. 
These  rivers  have  their  sources  in  the  Blue  Eiclge  Mountains  in  Xorth 
and  South  Carolina  and  Georgia.  Augusta,  Georgia,  is  the  head  of 
navigation  on  the  Savannah  Eiver,  this  being  the  point  at  which  the 
stream  passes  out  of  the  crystalline  rocks  into  the  younger  geological 
formation,  or  crosses  what  is  known  as  the  "  fall  line."  From  Augusta 
to  Savannah  are  over  200  miles  of  river  navigable  for  steamboats  draw- 
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ing  from  4  to  5  feet  at  ordinary  low  water.  From  Savannah  to  the  sea, 
a  distance  of  20  miles,  there  is  navigation  for  large  seagoing  vessels. 

From  the  junction  of  the  Tugaloo  and  Seneca  rivers  to  the  city  of 
Augusta  the  Savannah  Kiver  falls  448  feet,  nearly  all  of  this  being 
available  for  water  power,  as  it  occurs  at  a  number  of  shoals  with  long 
stretches  of  comparatively  quiet  water  between.  Practically  all  of  this 
immense  power  is  running  to  waste  except  the  50  foot  fall  that  is  devel- 
oped by  the  Augusta  Canal,  which  furnishes  i^ower  for  city  waterworks 
and  electric  plant  and  for  many  large  manufacturing  establishments. 
All  of  the  tributaries  entering  above  Augusta  have  good  shoals  on 
them,  only  a  few  of  which  are  utilized. 

A  summary  of  the  older  utilized  powers  of  this  basin  is  given  in  the 
Tenth  Census  Eeport.  There  are  new  developments  at  Augusta  and 
on  many  of  the  tributaries.  Prominent  among  these  are  the  Elberton 
electric  light  j^lant,  on  Beaverdam  Creek,  the  Headmont  factory  on  the 
same  stream,  and  the  Anderson,  South  Carolina,  electric  plant,  on 
Seneca  Eiver. 

During  the  year  1898  river  stations  were  maintained  at  Madison, 
South  Carolina, on  Tugaloo  Kiver  (PI.  IX,  A)-,  at  Carlton,  Georgia,  on 
Broad  Eiver  (PL  IX,  B)-,  at  Calhoun  Falls,  South  Carolina,  on  Savan- 
nah Eiver;  and  at  Augusta,  Georgia,  on  Savannah  Eiver.  These  fur- 
nish data  for  computing  the  discharge  as  given  in  the  tables  on  pages 
162  to  165,  while  a  fair  idea  of  the  most  important  shoals  in  this  basin 
in  Georgia  can  be  obtained  from  the  following  tabular  statement  taken 
from  Bulletin  No.  3A  of  the  Georgia  geological  survey,  compiled  by 
B.  M.  Hall  and  printed  in  1896.  It  must  be  remembered  that  the  shoals 
mentioned  in  this  statement  are  only  the  abrupt  descents  at  certain 
points,  and  do  not  cover  the  fall  that  can  be  utilized  by  dams.  For 
instance,  those  given  for  the  Savannah  proper  aggregate  only  247  feet, 
while  the  total  fall  of  the  river  from  the  top  of  McDaniels  Shoal  to  the 
foot  of  Augusta  Shoal  is  448  feet. 

Water  powers  in  Savannah  Basin. 


Stream  and  location. 

Falls  or  shoal. 

Fall. 

Length  of 
shoal. 

TALLULAH  RIVER. 

Rabun  County 

• 

Tallulah  Falls 

Feet. 

335 

75 

4 

2 

17 

39 

Feet. 
4,000 

13,  000 
2,  640 
2,640 

5,  280 
8,000 

TUGALOO  RIVER. 

Habersham  County 

Franklin  County 

Do 

Mouth  of  Tallulah  River 

Eastonollv  Slioals 

StribliniT  Shoals 

Hart  County 

Do 

Guest  Shoal 

Hatton  Shoal 
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Water  powers  hi  Savannah  Basin — Continued. 


Stream  and  location. 

Falls  or  shoal. 

Pall. 

Length  of 
shoal. 

BROAD  KIVER. 

Elbert  County  

Do 

Do 

Bakers  Ferry 

3 
70 
10 

30 

3 

18 

14 

3 

9 

75 

35 

10 

50 

600 
6,600 
2,640 

26,  000 

360 

5,280 

5,280 

120 

2,640 

37,  000 

26,  000 

600 

37,  000 

Anthonys  Shoals 

Smith  Shoals 

SAVANNAH    RIVER. 

Hart  County 

McDaniels  Shoals 

Elbert  County 

Do    

Do 

Do 

Do 

Do 

Lincoln  County 

Columbia  County 

Richmond  County 

Ferrills  Ledere 

Middletons  Shoal 

GresTijrs  Shoal 

Bo wmans  Ledffe 

Cherokee  Shoal 

Trotters  Shoal 

Long  Shoal 

Blue  Jacket  Shoal 

Augusta 

The  Carolina  gold  belt  crosses  this  basin  diagonally,  passing  through 
McCormick,  South  Carolina,  and  ending  at  Sparta,  Georgia.  It  is  a 
region  of  hard  quartz  fissure  veins,  and  some  of  the  stamp  mills  in  use 
are  run  by  water  power. 

A  view  of  Savannah  River  at  the  Seaboard  Air  Line  bridge  near 
Calhoun  Falls,  South  Carolina,  is  given  in  PI.  X,  A.  This  shows  the 
east  channel  from  the  South  Carolina  bank  below  the  bridge.  On  PI. 
X,  B^  is  a  view  of  Oconee  Eiver  at  the  Georgia  Railroad  bridge  near 
Carey,  Georgia,  looking  from  the  left  bank  below  the  bridge. 

A  survey  of  Savannah  River  was  made  ^  between  May  16  and  August 
6,  1889,  by  Mr.  George  W.  Brown,  assistant  engineer.  United  States 
Army,  from  whose  report  the  following  statements  have  been  taken: 

The  basin  of  the  Savannah  River  above  Augusta  comprises  an  area  of  about  7,294 
square  miles  of  hilly  country,  extending  to  the  Blue  Ridge  Mountains,  and  having  a 
width  of  from  40  to  50  miles.  This  portion  of  the  river  is  fully  described  in  the 
report  on  the  survey  of  the  Savannah  River  above  Augusta,  dated  January  31, 1890. 
The  river  basin  below  Augusta  has  an  area  of  about  3,211  square  miles,  with  an 
average  width  of  30  miles,  giving  a  total  drainage  area  of  10,505  square  miles.  In 
this  lower  portion  of  the  valley  the  soil  is  quite  sandy  and  permeable,  forming 
good  farming  lands,  the  principal  products  of  which  are  cotton,  grain,  potatoes, 
and  garden  produce.  The  timbered  lands  produce  lumber  and  naval  stores.  Low 
swamp  lands  border  the  river  for  a  width  of  from  3  to  10  miles. 

The  river  carries  considerable  sediment,  the  amount  being  greatly  increased  during 
freshets.  The  bottom  is  composed  of  fine  sand  and  mud.  Rock  occurs  only  in  a 
few  places,  and  at  considerable  depths,  offering  no  obstruction  to  navigation.  The 
banks  vary  in  height,  from  about  25  foet  above  low-water  level  at  Augusta  to  about 

'  Fifty-first  Congress,  second  session,  Ex.  Doc.  No.  255,  p.  3. 
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4  feet  at  the  Cross  Tides.     The  distance  in  a  direct  line  from  Augusta  to  Savannah  is 
107  miles.     Following  the  river  channel,  the  distance  is  202^  miles.     This  distance 


oOneeni'yoocf 


o^f.  Car  me/ 


/^us^^ 


Fig.  49.— Kelalive  location  of  river  and  rainfall  observations  in  basins  of  Savannah  and  Altamalia 

rivers. 


has  formerly  been  greatly  overestimated,  never,  so  far  as  is  known,  having  heen 
established  by  an  actual  survey  until  that  of  1889  was  made.     For  the  first  30  miles 
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below  Augusta  the  river  widths  are  excessive,  varying  between  500  and  900  feet. 
Seven  out  of  the  nine  bars  on  the  river  occur  on  this  portion  of  the  stream.  For  the 
remainder  of  the  river  the  average  low-water  width  is  300  feet. 

The  total  fall  between  low  water  at  Augusta  and  mean  low  tide  at  Savannah  is  108 
feet,  giving  a  mean  slope  of  0.5333  of  a  foot  per  mile.  The  middle  third  of  the  river 
has  the  steepest  slope,  viz,  0.636  of  a  foot  per  mile,  while  from  this  part  to  the  tidal 
portion  the  slope  is  about  0.5  of  a  foot  per  mile. 

The  river  was  gaged  at  four  points,  viz,  Augusta,  Hancocks  Landing,  Cohens 
Bluff,  and  Gaffneys  Landing. 


PRECIPITATION    IN    BASINS   OF    SAVANNAH    AND    ALTAMAHA    RIVERS. 

The  principal  rainfall  stations  in  the  basins  of  the  Savannah  and 
Altaraaba  rivers  are  at  Toccoa,  Gillsville,  Holland,  Anderson,  Green- 
wood,  Point  Peter,  Elberton,  Mount  Oarmel,  Washington,  Athens,  Cov- 
ington, Monticello,  Milledgeville.  The  relative  location  of  these  points 
is  shown  on  fig.  49,  in  connection  with  the  points  of  river  measurement, 
which  are  located  at  Carlton,  Calhoun  Falls,  Augusta,  Carey,  Macon, 
and  Dublin.  Measurements  have  also  been  made  near  Fort  Madison, 
South  Carolina,  on  Tugaloo  Eiver. 

The  following  table  gives  the  names  and  locations  of  the  stations,  the 
elevations,  and  the  lengths  of  the  records: 

Location  of  rainfall  stations  in  basins  of  Savannah  and  Altamaha  rivers. 


Station. 


Toccoa  

Gillsville  . . . 

Holland 

Anderson . . . 

Greenwood  . 

Point  Peter. 

Elberton  ... 

Mount  Car- 
mel. 

AVashington. 

Athens  

Covington .. 


County. 


Habersham  . 

Hall 

Anderson  . . . 

do 

Abbeville do  . 

Oglethorpe..    Georgia 


State. 


Georgia 

-.-.do 

South  Carolina. 
....do  


Elbert 

Abbeville  .. 


Wilkes. 
Clarke  . 
Newton 


do 

South  Carolina. 


Georgia 
do  . 

do  . 


Lati- 
tude, 


34  37 

34  13 

34  22 

34  28 

34  11 

33  55 

34  7 
34 

33  42 

33  58 

33  37 


Longi- 
tude. 


Eleva- 
tion. 


O  / 

83  21 

83  56 

82  50 

82  41 

82  09 

83  05 
82  52 
82  30 

82  44 

83  23 
83  49 


Feet. 

665 
1,052 

764 

671 

1,000 

710 


Length  of 
record. 


850 

748 


Tears. 
7-18 
7-9 
4-6 
6-10 
5-14 
8-9 
7 
6 

5-14 
18-23 

4-8 


In  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation,  by  months,  for 
the  years  1896,1897,  and  1898;  and  also  the  amount  by  years.  In 
obtaining  the  normal  i^recipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 
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Precipitation  at  stations  in  drainage  basins  of  Savannah  and  Altamalia  rivers. 

TOCCOA. 


Tear. 


Normal 
1896.... 
1897.... 
1898.... 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

5.66 

5.17 

5.21 

4.87 

4.25 

4.56 

6.10 

6.41 

4.33 

2.49 

3.74 

4.08 

4.60 

4.68 

2.04 

2.54 

4.11 

3.40 

13.10 

1.29 

2.32 

1.56 

8.22 

1.04 

4.71 

6.77 

7.46 

7.19 

0.85 

1.24 

6.03 

2.59 

0.50 

3.44 

3.71 

4.44 

4.68 

0.69 

5.58 

5.08 

1.18 

G.89 

9.39 

9.13 

11.98 

7.62 

3.26 

2.79 

Annual. 

56.87 
48.92 
48.93 
62.27 


GILLSVILLE. 


Normal 
1896.... 
1897.... 
1898. . . . 

Normal 
1896.... 
1897.... 
1898.. -. 

Normal 
1896.... 
1897.... 
1898 

Normal 

1896 

1897 

1898 


4.82 

4.68 

5.04 

3.30 

3.34 

3.80 

6.48 

4.65 

3.87 

1.66 

2.65 

2.88 

4.45 

2.14 

2.11 

0.80 

4.68 

2.82 

7.62 

1.48 

1.48 

1.57 

6.13 

0.40 

4.26 

5.40 

6.50 

6.62 

0.00 

2.48 

10.94 

2.95 

0.00 

5.11 

1.83 

3.91 

1.26 

0.36 

3.54 

4.20 

1.03 

2.64 

6.75 

7.78 

10.13 

8.18 

3.17 

3.54 

47.17 
35.68 
50.00 
52.58 


HOLLAND. 


5.30 

4.48 

3.74 

2.85 

3.04 

4.24 

6.01 

5.81 

3.62 

3.10 

3.42 

3.77 

4.70 

4.61 

2.04 

2.16 

2.70 

4.00 

8.63 

4.12 

a3.62 

2.21 

6.44 

2.50 

4.80 

6.63 

6.72 

4.62 

1.19 

4.80 

5.82 

2.66 

1.76 

4.35 

4.40 

3.09 

3.60 

1.03 

4.75 

6.23 

0.65 

1.67 

7.56 

7.70 

5.95 

6.53 

3.52 

3.58 

49.38 
47.73 
50.84 
52.77 


ANDEESON. 


4.52 

5.14 

3.61 

2.70 

3.82 

5.51 

4.92 

4.79 

2.97 

2.65 

3.80 

3.21 

4.36 

4.00 

2.02 

1.02 

1.67 

4.73 

7.44 

1.11 

2.91 

1.85 

7.46 

2.48 

3.85 

6.81 

5.39 

4.20 

1.73 

3.12 

6.06 

6.32 

1.98 

4.17 

4.28 

2.76 

3.83 

0.95 

4.16 

4.03 

1.03 

3.98 

9.01 

9.34 

5.50 

4.83 

3.27 

3.16 

47.64 
41.05 
50.67 
53.09 


GREENWOOD. 


2.53 

2.89 

2.06 

2.55 

3.77 

4.54 

5.05 

3.76 

4.00 

1.95 

2.32 

2.18 

4.48 

4.40 

1.65 

2.26 

1.94 

4.21 

15.72 

2.62 

0.56 

al.95 

8.11 

2.89 

4.25 

7.56 

4.04 

4.28 

2.20 

3.39 

5.16 

3,14 

3.04 

2.34 

2.34 

1.92 

2.59 

0.57 

3.77 

4.12 

1.65 

4.15 

4.92 

7.18 

4.44 

5.59 

3.85 

2.22 

37.  60 
50.79 
43.66 

45.05 


POINT  PETER. 


Normal . 

1896 

1897 

1898 


5.81 

5.12 

5.54 

3.40 

2.81 

3.52 

5.21 

5.11 

3.56 

2.31 

3.21 

2.94 

5.40 

4.60 

3.35 

2.90 

2.55 

1.45 

8.65 

1.10 

1.25 

2.35 

6.60 

3.15 

a5.81 

6.50 

5.68 

6.51 

0.96 

3.91 

4.37 

6.74 

2.05 

2.21 

3.00 

3.05 

3.10 

0.70 

4.25 

5.38 

0.17 

1.82 

1L51 

8.74 

2.59 

8.79 

4.58 

3.62 

47.64 
43.35 
50.79 
55.25 


Normal . 

1896 

1897 

1898 


ELBERTON. 


6.16 

4.68 

5.57 

3.21 

2.25 

4.32 

5.82 

4.55 

2.41 

2.18 

2.87 

3.53 

5.45 

4.91 

3.41 

2.23 

2.10 

2.79 

7.46 

1.44 

2.13 

2.27 

5.61 

2.82 

4.06 

6.43 

7.94 

5.02 

1.01 

5.66 

5.33 

4.07 

L45 

2.80 

1.65 

3.35 

2.90 

1.14 

4.50 

5.35 

3.66 

2.37 

7.72 

12. 15 

5.63 

7.10 

4.76 

2.82 

47.55 
46.62 
48.77 
60.3  0 


MOUNT   CARMEL. 


Normal 
1896.-.. 
1897.... 
1898.... 


4.46 

5.03 

3.71 

3.30 

2.80 

4.06 

6.15 

6.41 

3.50 

2.31 

3.37 

3.33 

3.81 

5.78 

2.40 

2.46 

2.55 

2.09 

10.27 

4.26 

2.53 

2.37 

8.17 

4.63 

3.93 

7.93 

4.39 

5.50 

2.97 

1.82 

4.86 

6.38 

2.78 

1.87 

2.43 

1.56 

2.54 

0.43 

4.22 

5.05 

0.98 

2.77 

8.93 

8.30 

10.64 

6.13 

3.78 

3.41 

48.08 
51.33 
46.42 
57.18 


a  Estimated. 
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Precipitation  at  stations  in  drainage  basins  of  Savannah  and  Altamaha  rivers — Cout'd. 

WASHINGTON". 


Year. 


Normal 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 
3.73 

Oct. 

Nov. 

Dec. 

4.31 

5.15 

4.65 

2.32 

3.58 

3.84 

5.27 

5.01 

2.46 

2.56 

2.85 

3.85 

4.42 

2.98 

1.28 

2.78 

4.75 

11.94 

1.54 

3.07 

2.84 

6.35 

3.80 

3.10 

8.72 

5.38 

3.28 

3.73 

2.54 

6.16 

6.95 

5.94 

4.08 

2.80 

1.55 

2.95 

0.34 

3.97 

4.84 

0.89 

2.51 

7.11 

7.07 

4.22 

4.82 

7.03 

2.88 

Annual. 

45.73 
49.60 
54.23 
48.63 


ATHENS. 


Normal 
1896.--. 
1897.... 
1898 


5.99 


2.93 


5.16 


0.66 


5.31 


3.55 


3.47 


5.58 


4.01 
1.78 
0.61 

2.48 


4.53 
3.93 
2.85 
1.53 


5.04 

10.31 

3.19 

5.43 


4.66 
1.00 
4.17 
5.73 


3.55 
0.66 
0.64 
6.36 


2.39 
1.82 
3.12 
7.40 


8.03 


1.10 
3.85 


3.83 


2.83 
3.81 


52.48 


49.31 


COVINGTON. 


Normal . 

1896 

1897 

1898 


4.34 

4.07 

5.60 

4.83 

2.41 

2.96 

4.90 

5.34 

2.10 

2.37 

2.91 

3.10 

4.59 

2.67 

2.95 

2.94 

1.88 

3.71 

7.24 

3.16 

0.90 

2.62 

9.78 

1.11 

2.51 

6.27 

7.58 

4.29 

0.95 

2.68 

3.52 

5.44 

0.98 

2.98 

1.32 

3.07 

3.86 

1.06 

3.59 

5.93 

1.98 

J.  46 

10.20 

10.69 

5.33 

9.55 

4.04 

4.85 

44,93 
43.55 
41.59 
62.54 


AVERAGES. 


Normala 

1896 

1897 

1898 


4.90 
4.36 
4.13 
3.11 


4.69 
4.22 
6.90 
0.72 


4.56 
2.50 
6.11 
4.17 


3.35 
2.06 
5.15 
5.07 


3.28 
2.61 
1.47 
1.43 


4.17 
3.44 
3.14 
2.34 


5.54 
9.85 
5.59 
8.05 


5.14 
2.10 
4.67 
8.53 


3.42 

1.78 
1.92 
6.62 


2.35 
2.13 
3.32 
6.96 


3.08 
7.29 
2.62 
4.10 


3.25 
2.48 
2.87 
3.33 


47.73 
44.82 
47.89 
54.43 


Depth  of  run-off  in  inches  from  Savannah  drainage  hasin. 
SAVANNAH,  NEAR  CALHOUN  FALLS. 


Tear. 


1896. 
1897. 
1898- 


Normal . . 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.89 
1.91 

1.98 
L24 

1.86 
1.54 

2.65 
2.22 

2.56 
1.01 

L90 

1.61 

1.70 

2.44 

1.79 

June. 


1.93 
0.72 


July, 


1.33 


1.83 
2.69 


2.26 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.90 
1.13 
2.63 

0.97 
0.77 
0.87 

0.77 
0.94 
0.86 

2.32 
1.16 

1.74 

2.75 
1.43 
2.09 

1.55 

0.87 

0.86 

1.74 

2.09 

Annual. 


20.13 
19.52 

20.14 


SAVANNAH  AT  AUGUSTA. 


1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1898 

Normal , 


1.67 

1.97 

5.24 

2.77 

1.03 

2.30 

1.32 

0.73 

0.41 

0.39 

0.44 

1.57 

3.48 

2.66 

1.35 

0.82 

1.11 

0.99 

0.61 

0.62 

1.19 

1.85 

1.78 

1.78 

3.75 

1.29 

2.06 

3.29 

3.09 

2.53 

3.04 

1.15 

0.83 

0.51 

0.80 

1.07 

0.97 

1.87 

1.  55 

0.87 

0.73 

0.98 

1.92 

5.61 

0,76 

0.88 

0.66 

1.34 

2.68 

2.94 

3.86 

2.26 

2.17 

1.28 

0.83 

0.96 

7.09 

2.00 

2.99 

2.01 

4.24 

3.76 

2.45 

1.63 

1.04 

1.01 

1.70 

2.55 

1.45 

0.79 

1.54 

0.86 

0.80 

1.34 

1.95 

1.27 

L53 

0.84 

1.29 

0.95 

1.26 

3.09 

0.82 

1.12 

2.31 

4.88 

6.57 

3.00 

1.38 

1.32 

1.03 

2.11 

0.86 

0.55 

0.92 

0.73 

1.16 

0.68 

0.99 

2.01 
1.99 

0.67 

0.54 

2.14 

2.67 

3.88 

2.67 

1.90 

1.97 

2.34 

2.38 

2.89 

1.42 

1.31 

1.54 

1.93 

1.97 

1.41 

1.32 

1.38 

19.84 
18,24 
23.41 
18.14 
31.07 
23.02 
16,26 
25,66 
20,28 

21.88 
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Depth  of  run-off  in  inches  from  Savannah  drainage  hasin — Continued. 

OCONEE  AT  CAREY. 


Tear. 


1896. 
1897. 
1898. 


Jan. 


1.81 
1.15 


Feb. 


2.25 
0.83 


Mar. 


Apr. 


2.61 
1.12 


1.19 


May.  June. 


0.97 


0.65 


July. 


1.16 


Aug. 


0.81 


Sept. 


0.38 


Oct. 


0.63 


Nov. 


0.71 
0.69 


Dec. 


1.06 
0.95 


Annual. 


14.10 


OCONEE  AT  DUBLIN. 


1898 al.48 


0.33 


0.71 


1.34 


0.49 


0.  32     0.  85 


1.57 


2.84     2.05 


1.90 


2.02 


16.10 


OCMULGEE  AT  MACON. 


1893. 
1894. 
1895. 
1896. 
1897. 
1898. 


Normal . . 


0.48 

2.44 

1.90 

0.89 

0.87 

1.08 

0.67 

1.10 

1.28 

0.91 

0.71 

0.85 

1.07 

1.92 

1.63 

1.10 

0.69 

0.62 

1.13 

1.83 

1.25 

1.35 

0.91 

1.35 

2.24 

1.13 

3.90 

2.32 

1.54 

1.07 

2.08 

2.16 

1.15 

0.49 

0.47 

0.61 

1.59 

1.73 

1.37 

0.67 

0.47 

0.41 

3.54 

0.54 

0.28 

0.23 

1.48 

1.56 

0.64 

1.83 

4.22 

2.51 

0.81 

0.79 

0.91 

0.84 

0.32 

0.30 

0.36 

0.51 

0.62 

0.42 

0.60 

1.20 

0.44 

0.30 

0.78 

2.20 

2.77 

2.72 

1.70 
0.94 

1.69 

1.11 

1.58 

2.27 

1.45 

0.80 

0.71 

1.52 

1.45 

1.17 

1.00 

1.09 

13.18 
14.85 
19.16 
13.87 
14.04 
15.44 

15.09 


0.  Estimated. 
Rainfall  and  run-off,  Savannah  and  Altamaha  rivers. 


Station. 

Normal. 

1895. 

1896. 

1897. 

1898. 

1 

RAINFALL. 

Toccoa  

Inches. 

56.87 
47.17 
49.38 
47.64 
37.60 
47.64 
47.55 
48.08 
45.73 
52.48 
44.93 

Inches. 

Inches. 

48.92 
35.68 
47.73 
41.05 
50.79 
43.35 
46.62 
51.33 
49.60 

Inches. 
48.93 
50.00 
50.84 
50.67 
43.66 
50.79 
48.77 
46.42 
54.23 

Inches. 
62.27 
52.58 
52.77 
53.09 
45.05 
55.25 
60.10 
57.18 
48.63 
49.  31 
62.54 

Gillsville 

Holland 

Anderson 

Greenwood 

Point  Peter 

Elberton 

Mt.  Carmel 

Washington 

Athens 

Covington 

43.55 

41.59 

Average 

47.73 

45.86 

48.59 

54.43 

RUN-OFF. 

Calhoun  Falls 

Augusta 

20.13 

21.88 
a  14. 10 
a  16. 10 

15. 09 

20.13 

20.28 

Carey 

14.10 

Dublin 

16.10 
15.44 

Macon 

19.16 

13.87 

14.04 

Average 

17.46 

19.16 

13.87 

16.09 

17.27 

Percentage  of  rainfall 

36. 58 

30.24 

33.11 

31.69 

a  Estimated. 


20  GEOL,  PT  4 11 
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TUGALOO   RIVER. 

Estimated  monthly  discharge  of  Tugaloo  Biver  at  Madison,  South  Carolina. 

[Drainage  area,  593  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1898. 
July  19-31 

1,824 
3,354 
3,771 
4,238 
2,267 
2,159 

a  112, 154 
206,  231 
224,  390 
260,  586 
134,  896 
132,  753 

«3.55 
6.52 
7.10 
8.24 
4.26 
4.20 

a  3.  08 
5.66 
6.36 
7.15 
3.82 
3.64 

August 

September 

6,982 

13,  658 

13,  816 

4,257 

5,442 

1,200 
1,807 
1,620 
1,874 
1,560 

October 

November 

December 

a  Estimated  for  whole  month. 


Sec. -ft. 

12, 000 
11,  000 
10, 000 


Fi(i.  50.— Discharge  of  Tu 


oo  liiver  at  Madison,  South  Carolina,  1898. 
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BROAD   RIVER. 

Estimated  monthly  discharge  of  Broad  River  at  Carlton,  Georgia. 

[Drainage  area,  762  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi 
mum. 


1898. 

January  3,462 

February   738 

March  2,776 

April   3,609 

May 700 

June 850 

July 7,284 

August 5,275 

September 16,  937 

October '  9,440 

November i  1,  943 


December 

The  year  . 


3,217 


Mini 
mum. 


505 

505 
505 
577 
385 
300 
300 
480 
666 
632 
775 
850 


Mean. 


16,  937 


300 


887 

575 

730 

1,078 

524 

422 

1,455 

1,533 

2,961 

1,786 

1,099 

1,319 


Total  in  acre- 
feet. 


Run-otf. 


Depth  in 
inches. 


1,197 


54,  540 
31,  934 
44,  886 
64, 145 
32,220  \ 
25,  111 
89,  465 
94, 261 
176, 191 
109,  818 
65,  395 
81, 103 


869,  069 


1.34 
0.78 
1.15 
1.57 
0.79 
0.61 
2.20 
2.32 
4.34 
2.70 
1.61 
1.99 


21.40 


Second- 
feet  per 
square 
mile. 


1.16 
0.75 
1.00 
1.41 
0.69 
0.55 
1.91 
2.01 
3.89 
2.34 
1.44 
1.73 


1.57 


XoTK.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  42; 
measurements,  page  44;  rating  table,  page  46;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  40,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  225. 
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Fig.  51. — Discharge  of  Broad  River  at  Carlton,  Georgia,  1898. 
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Estimated  monthly  discharge  of  Savannah  River  at  Calhoun  Falls,  South  Carolina. 

[Drainage  area,  2,712  square  miles.] 


Month. 


1898. 

January  17, 500 

February   6,  250 

March :  23,  750 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


April , 

May 

June 

July 

August  1-9 


13,  000 
4,000 
2,560 

15,  250 


2,140 
2,340 
2,  235 
2,560 
1,580 
1,520 
1,350 


Mean. 


Total  in  acre- 
feet. 


4,500 
3,231 
3,638 
5,396 
2,399 
1,761 
6,314 
7,137 


276,  696 
177,  941 
223,  693 
321,  084 
147,  510 
104,  787 
388,  235 
438,  840 


Run-off. 


Depth  in 
inches. 


1.91 
1.24 
1.54 
2.22 
1.01 
0.72 
2.69 
3.03 


Second- 
feet  per 
square 
mile. 


1.66 
1.19 
1.34 
1.99 
0.88 
0.65 
2.33 
2.63 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  40; 
measurements,  page  44;  rating  table,  page  46;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  39;  and  in  the  Nineteenth  Annual  Report,  Part  IV^,  page  223. 
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Fig.  52.— Discharge  of  Savannah  River  at  Calhoun  Palls,  South  Carolina,  1898. 
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Estimated  monthly  discharge  of  Savannah  River  at  Augusta,  Georgia. 

[Drainage  area,  7,294  square  miles.] 


Month. 


1898. 

January     36, 680 

February 6,820 

IVIarch  23,000 

April  42,400 

Mav 7,  800 

June    11,000 

July \  41,080 

August 50,706 

September 88, 160 

October 68,  800 

November 39,  760 


Discharge  in  second-feet. 


Maxi- 
mum. 


December 


34,  480 


The  year 88, 160 


Mini 
mum. 


3,910 
3,705 
3,705 
5,244 
3,016 
2,  475 
2,377 
4,660 
6,274 
5,400 
6,364 
6,914 


2,084 


Mean. 


7,389 

4,462 

6,258 

13, 117 

4,200 

3,481 

13,  578 

16,  821 

25,  378 

16,  835 

12,  454 

12,  503 


Total  in  acre- 
feet. 


11,  373 


454,  335 

247,  807 

384, 792 

780,  514 

258,  250 

207, 133 

834,  884 

1,  034,  290 

1,  410,  093 

1,  035, 150 

741,  063 

768,  784 


8, 157,  095 


Eun-oflf. 


S    Second- 
Depth  in  '    feet  per 


inches. 


1.16 
0.64 
0.99 
2.01 
0.67 
0.54 
2.14 
2.66 
3.88 
2.72 
1.90 
1.97 


21.28 


square 
mile. 


1.01 
0.61 
0.86 
1.80 
0.58 
0.48 
1.86 
2.31 
3.48 
2.31 
1.70 
1.71 


1.56 


KOTE. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation   Paper  No.  27,  page  41; 
measurements,  page  44;  rating  table,  page  46. 
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Fig.  53. — Discharge  of  Savannah  River  at  Augusta,  Georgia,  1898. 
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ALTAMAHA    RIVER. 

Altamaha  River  is  formed  by  the  junction  of  the  Oconee  and  Ociuul- 
gee  rivers.  The  basin  heads  southeast  of  the  Chattahoochee  Ridge, 
and  covers  a  large  area  in  central  Georgia,  being  bounded  on  the  north- 
east by  the  Savannah  and  Ogeechee  basins  and  on  the  northwest  and 
south  by  the  Apalachicola,  Suwanee,  and  Satilla  basins.  The  "fall 
line,"  or  line  between  the  ancient  crystalline  rocks  and  the  younger 
geological  formations,  passes  through  Milledgeville  on  the  Oconee  and 
through  Macon  on  the  Ocmulgee.  All  the  water  powers  of  importance 
are  north  of  this  line. 

During  1898  river  stations  have  been  maintained  at  Carey  and  Dub- 
lin, on  the  Oconee  River  (PI.  XI,  A),  and  at  Macon  on  the  Ocmulgee 
River  (Pi,  XI,  B).  Measurements  of  discharge  have  been  made  on 
some  of  the  tributaries,  from  which  comparative  estimates  have  been 
prepared.  The  Ocmulgee  River  is  formed  by  the  junction  of  the 
South  and  Yellow  rivers.  Alcovy  River  and  Towaliga  River  are  large 
tributaries. 

The  Oconee  River  is  formed  near  Athens,  Georgia,  by  the  junction  of 
the  Xorth  Oconee  and  Middle  Oconee  rivers.  The  Apalachee  River 
and  Little  River  are  large  tributaries. 

The  following  tabular  statement,  taken  from  Bulletin  Xo.  3A,  of 
Georgia  geological  survey,  compiled  by  B.  M.  Hall  in  1896,  shows  the 
most  prominent  shoals  on  the  large  streams  of  this  basin,  but  there  is 
considerable  fall  between  the  shoals,  which  is  not  given: 

JFater  powers  in  Altamaha  Basin. 


Utilized 
jiower. 


18-foot  head 
utilized. 


8H.P. 


Utilized  .. 


Do 


135  H.  P. 


Location  of  power. 


YELLOW   RIVER. 

Grwinnett  County 
do 

Rockdale  County. 

do 

Newton  County  . . 
do 


.do. 
-do. 


SOUTH   RIVER. 

Dekalb  County. 

.....do 

Henry  County.. 


do 

Newton  County 


Point  of  section. 


Tain's  mill 

Steadman's  mill 

Eockdale  paper  mill 

Glonn  Shoal 

Bridge  Shoal 

Cedar  Shoals 

Dried  Indian  Shoal . 
Indian  fi  shery 

Flat  Shoals 

Albert  Shoal 

McKnight's  mill 

Peachstone  Shoal. . . 
Snapping  Shoal 


Fall. 

Feet. 

20.0 
80.0 
46.0 

12.0 

4.4 

55.0 

7.0 
12.7 

24.0 

18.0 
12.0 

12.0 
20.0 

Length 
of  shoal. 

Feet. 

3,365 

2,700 

1,500 
525 

775 

Remarks. 


Porterdale  factory,  3 
miles  from  Coving- 
ton. 


Cotton  gin. 


Cotton  factory  of  tlie 
Oglethorpe  Mfg. 
Co. 

Not  utilized. 

12-foot  head  utilized ; 
20-foot  head  avail- 
able. 


28-foot  fall  in  1,500 
feet  (C.  C.  Ander- 
son). 


U.    S.    GEOLOGICAL  SURVEY 


TWENTIETH  ANNUAL  REPORT       PART  IV       PL.    XI 


A.   OCONEE   RIVER   NEAR    DUBLIN,   GEORGIA. 


Ji    OCMULGEE   RIVER   AT   MACON,   GEORGIA. 
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Water  powers  in  Altamaha  Basin — Continued. 


Utilized 
power. 


40H.P. 
None  ., 


30  H.  P. 


30H.P. 


None 


20  H.  P. 
None  . . 


Do 

20  H.  P. 


Location  of  power. 


SOUTH  RIVER — contd. 

Newton  County 

do 


ALCOVY  RIVER. 

Newton  County . . 

TOWALIGA  RIVER. 

Monroe  County . . . 

OOMULGEE  RIVER. 

Newton  County . . 


Butts  County 
do 


.do, 
.do 


Small  mill do 

50H.P.... 

None 

Do  ... 


Monroe  County 

do 

do 


Do 
Do 


32  H.  P. 


Bibb  County 
flo 


NORTH  OCONEE 
RIVER. 


Jackson  County. 

do 

200  H.P Clarke  County  - . 

200  H.P do 


60  H.P. 


Hall  County. 


MIDDLE   OCONEE 
RIVER. 

Jackson  County. . . 


Clarke  County  . , . 
do 


APALACHEE  RIVEB. 

Oconee  County 


150  H.P. 
30  H.  P.. 


150  H.P. 


do 

do 

Morgan  County 

do 


OCONEE  RIVER. 

Oconee  County... 


Point  of  section. 


Morgan  County 


Island  Shoal . . , 
Mann's  bridge 


White    &    Garners 
Shoals. 


High  Falls. 


Barnes  Shoals 14.0 


Fall. 


Feet. 

16.0 
10.0 


85.0 


96.8 


Keys  Ferry 7.  5 

Harper  or    Pitman     28. 0 
Shoal.  i 

Pitman  Ferry j     6.0 

Roachs     or     Cargles       6. 4 
Shoals. 

Lamars  Shoals 

Glover's 

Dames 


Long     or     Card  ens 
Shoals. 

Holton 

Macon  proposed  canal 


Hurricane  Shoal 
Tumbling  Shoal 
Athens  factory  . 
Georgia  factory . 


Carnesville     and 
Gainesville  road. 


Tallassee  Bridge. 


Mc'Elroy's  mill... 
Princeton  factory. 


Just     above      High 
Slioals. 

High  Shoals 

Price's  mill 

Furlows  Shoals 


Reids  mill 


Barnetts  Shoal 


ScuIIh  Shoal 


20.0 

16.0 

6.0 

9.0 

6.0 
40.0 


30.0 

8.0 

12.0 

21.0 

10.0 


32.0 

23.0 
15.0 

20.0 

50.0 
19.0 
20.0 

8.0 
54.0 

10.0 


Length 
of  shoal. 


Feet. 

750 
3,000 


3,800 


1,200 


1,300 

1,900 
5,500 

1,650 
;i,  350 

1,000 
4,000 
1,500 
4,500 

3,960 
10, 000 


600 
600 


2, 100 


Remarks. 


Newton      factory, 
burnt    during   the 


war. 


Utilized  in  gri.stmill. 


At  Junction  of  South 
and  Yellow  rivers. 


Below  ferry. 
At  Smiths  Ferry 


At  Athens. 

Near  junction  of  riv 
ers. 


3,600 

2,600 
Dam. 


600 

900 

4,200 


Total  fall  said  to  be 
58  feet  in  less  than 
a  mile. 


8  feet  at  mill,  and  18 
feet  above. 


4,000  j  5  miles  below  junc- 
tion of  Middle  and 
North  Oconee  riv- 
ers. 

Dam.  Powell  Mfg.  Co.'s 
dam  backs  water  2 
miles. 
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Water  powers  in  Altamaha  Basin — Continued. 


Utilized 
power. 


Location  of  power. 


OCONEE  RIVEE— con- 
tinued. 

Morgan  County 

Intervening     two 
shoals. 

Putnam  County 


Intervening      six 
shoals. 

Baldwin  County 

Hall  Countv 


LITTLE  RIVER. 

Putnam  County  . 


.do 
.do, 
.do, 
.do. 


Point  of  section. 


Park's  mill 


Long  Shoal 


Milledgeville 

Six  miles  from  Gaines- 
ville. 


Site  of  old  Eatonton 
factory. 

Gristmill , 

do 

Pierson's  mill 

Humber's  mill 


Fall. 

Length 
of  shoal. 

Feet. 
8.0 
7.0 

12.0 

33.0 

34.0 
39.0 

25.0 

8.0 

13.5 

7.0 

9.0 

Feet. 
do  ... 

1,300 

5or6m. 

900 

Remarks. 


Gristmill. 


Old  factory  site,  not 
in  use;  head  can  be 
made  15  or  20  feet 
by  dam. 


Canal  proposed. 
Head  waters. 


15"OTE. — The  foregoing  is  a  very  imperfect  statement  concerning  the  water  powers  of  the  Altamaha 
Basin,  but  it  is  the  best  that  can  be  made  with  the  data  at  hand. 

Some  of  the  new  developments  on  this  basin  are :  Athens,  Georgia, 
electric  light  and  power  plant,  on  Middle  Oconee  Eiver;  New  Athens, 
Georgia,  waterworks,  by  steam  pumps,  delivering  a  fine  supply  of 
filtered  water  from  North  Oconee  River  j  and  electric  light  for  Eatonton, 
Georgia,  from  a  power  on  Little  River.  It  is  also  proposed  to  furnish 
water,  light,  and  power  to  the  Georgia  convict  farm,  at  Milledgeville, 
Georgia,  from  a  power  on  the  Oconee  River  at  that  point. 

The  following  facts  concerning  Altamaha  River  have  been  taken  from 
a  report  by  the  United  States  Engineer  Corps:  ^ 

The  distance  in  a  direct  line  from  the  junction  of  the  Ocmulgee  and  Oconee  rivers 
to  the  town  of  Darien,  which  is  situated  on  the  north  bank  of  the  river,  19  miles 
from  the  coast,  is  75  miles.  Following  the  river  channel  the  distance  is  131  miles,  as 
determined  by  the  survey  of  1888-89. 

The  valley  of  the  Altamaha,  about  3,000  square  miles  in  area,  is  a  low,  undulating 
country,  with  a  sandy,  permeable  soil.  Probably  not  more  than  20  per  cent  of  the 
rainfall  of  the  region  finds  its  way  to  the  river.  Its  volume  is  mostly  derived  from 
the  drainage  of  the  clayey  hills  of  central  and  north  Georgia,  brought  down  by  its 
tributaries.  The  total  area  drained  by  the  Altamaha  and  its  tributaries  is  about 
14,620  square  miles. 

The  total  fall  of  the  river  between  summer  low  water  at  the  forks  and  mean  low 
water  at  Darien  is  83  feet,  making  an  average  slope  of  0.633  feet,  or  7.6  inches  per 
mile.  With  local  exceptions,  the  slope  is  practically  uniform  at  the  rate  of  8.44 
inches  per  mile  as  far  down  as  Fort  Barrington,  where  tidal  fluctuations  at  low 
water  begin  to  be  appreciable.  In  the  tidal  reaches  the  low-water  slope  is  3.6  inches 
per  mile.  Local  exceptions  to  the  uniformity  of  slope  occur  as  follows:  At  English 
Eddy  the  slope  is  20.4  inches  per  mile;  at  Stooping  Gum  Cut,  24  inches;  at  Beards 


'  Fifty-first  Congress,  second  session,  Ex.  Doc.  No.  283,  page  2. 
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Bluflf,  26.4  inches ;  at  Alligator  Creek,  Marrow  Bone  Bar,  and  Doctortown,  each  12 
inches;  through  the  Narrows,  a  distance  of  12  miles,  13.2  inches  per  mile;  at  Phin- 
holloway  Creek,  33.6  inches  per  mile. 

Gagings  of  the  river  were  made  in  October,  1888,  and  again  at  a  different  stage  of 
water,  hat  at  the  same  places,  in  October,  1889.  The  results  are  shown  in  the  fol- 
lowing table : 

Discharge  of  Altamaha  River,  1888-89. 


Date. 

Place. 

Stage  of 
water. 

Mean  veloc- 
ity per  sec- 
ond. 

Discharge. 

October,  1888 

October,  1888   

Town  Bluff 

Feet. 
7.2 
4.5 
0.0 
0.0 

Feet. 
2.47 
3.51 
1.12 
2.21 

Second-Jeet. 

20,  476 

20,  310 

4,727 

5,037 

Oberrv  Bar 

October,  1889  

Town  Bluff 

October,  1889 

Oberry  Bar 

These  results  may  be  checked  by  comparison  with  the  joint  discharge  of  the  Oco- 
nee and  Ocmulgee  rivers,  determined  at  about  the  same  time,  as  follows : 

In  October,  1888,  the  joint  discharge  of  Ocmulgee  and  Oconee  rivers,  1  mile  above 
the  Forks,  gaged  during  falling  river  and  previous  to  gagings  at  Town  Bluff,  was 
21,303  cubic  feet  per  second.  In  October,  1889,  the  joint  discharge  at  low  water  of 
these  rivers  (but  omitting  the  discharge  of  the  Little  Ocmulgee)  was  4,625  cubic 
feet  per  second. 

In  comparing  Town  Bluff  and  Oberry  Bar  low-water  discharges,  as  given  in  the 
above  table,  it  must  be  remembered  that  the  Ohoopee  River  adds  a  considerable 
volume  to  the  flow  between  those  points. 

Owing  to  the  limited  number  of  actual  discharge  measurements  it  is  impossible 
to  arrive  at  the  mean  discharge  except  by  deducting  it  approximately  from  the  rain- 
fall in  the  river  basin.  This,  as  determined  by  observations  covering  about  twenty 
years,  is  50  inches  per  year.  In  the  upper  part  of  the  river  basin  the  soil  is  clayey, 
and  probably  60  per  cent  of  the  rainfall  is  carried  off  by  the  rivers  tributary  to  the 
Altamaha.  About  20  per  cent  will  be  the  proper  proportion  for  the  permeable  soil 
of  the  lower  valley.  Giving  to  these  percentages  weights  proportional  to  the  areas 
to  which  they  apply,  the  average  deduced  is  37  per  cent  for  the  whole  area,  and 
this  gives  for  the  mean  discharge  of  the  Altamaha,  at  its  mouth,  about  19,000  cubic 
feet  per  second. 

The  freshets  on  this  river  are  sometimes  of  great  magnitude.  That  of  August, 
1887,  was  the  highest  known  for  many  years.  The  water  rose  at  Town  Bluff' to  a 
height  of  21  feet  above  summer  low  water;  at  Ohoopee  White  Bluff"  to  19  feet,  and  at 
Fort  Barrington  to  14  feet.  The  low  swamp  lands  bordering  the  river  are  from  2  to  4 
miles  wide,  and  are  flooded  at  stages  of  from  5  to  10  feet ;  so  the  discharge  during  the 
above-mentioned  freshet  must  have  been  enormous.  It  probably  exceeded  100,000 
cubic  feet  per  second.  Freshets  of  less  magnitude  occur  during  the  winter  season 
of  nearly  every  year,  the  river  rising  out  of  its  banks  and  flooding  the  bottom  lands. 

The  river  winds  through  low  bottom  lands  or  swamps,  bordered  on  either  side  by 
the  line  of  sandy  bluffs,  separating  them  distinctly  from  the  high  land  beyond.  The 
soil  is  a  light-colored  sticky  earth,  containing  sand,  clay,  and  silt.  Roads  through 
the  swamps  soon  become  worked  up  into  a  thick  mud,  even  in  comparatively  dry 
weather.  The  banks  are  from  4  to  8  feet  high  and  are  easily  eroded,  except  on  the 
surface  where  protected  by  the  roots  of  the  dense  growth  of  trees,  brush,  and  cypress 
knees.  Where  the  river  winds  in  close  to  the  bluffs  a  high  bank  is  found  on  one  side, 
and  such  l)auks  are  usually  selected  for  steamboat  or  timber  landings,  since  they  are 
not  subject  to  overflow.     Rock  occurs  only  in  the  upper  part  of  the  valley. 
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OCONEE   RIVER. 

Estimaied  monthli/  discharge  of  Oconee  River  at  Dublin,  Georgia. 
[Drainage  area,  4,182  square  miles.  a\ 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

February  11-28 j     2, 429 

March [     4,  360 

A])ril 11,260 

May 4,  460 

June 2,  012 


Mini- 
mum. 


July 

August 

September 
October ... 
November . 
December  . 


7,840 
12,  514 

27,  904 
18, 100 
16,  960 
14,  224 


1,746 
1,746 
2,080 
1,140 
890 
865 
2,500 
2,012 
1,878 
2,500 
4,360 


Mean. 


2,040 
2,582 
5,011 
1,794 
1,201 
3,104 
5,  697 
10,  648 
7,449 
7,097 
7,338 


Total  in  acre- 
feet. 


113,  296 
158,  748 
298, 175 
110,  310 
71,  464 
190,  859 
350,  297 
633,  599 
458,  021 
422,  301 
451, 199 


Kun-oflF. 


Depth  in 
inches. 


0.51 
0.71 
1.34 
0.49 
0.32 
0.85 
1.57 
2.84 
2.05 
1.90 
2.02 


Second - 

feet  ])er 

square 

mile. 


0.49 
0.62 
1.20 
0.43 
0.29 
0.74 
1.36 
2.55 
1.78 
1.70 
1.75 


a  As  measured  by  Prof.  B.  M.  Hall. 

Note. — Gage  heights  for  1898  are  given,  in  TVater-Supply  and  Irrigation  Paper  No.  27,  page  43; 
rating  table,  page  44 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No.  15,  page  42,  and  in  the 
Nineteenth  Annual  Report,  Parti  V,  page  227. 
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Fig.  54. — Discharge  of  Oconee  River  at  Dublin,  Georgia,  1898. 
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Estimated  monthly  discliarge  of  Oconee  River  at  Carey,  Georgia. 
[Draiuage  area,  1,346  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Eun-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
squarti 
mile. 

1898. 
J  aiiuary 

5,180 
1,408 
2,464 

815 
890 
970 

1,340 
1,079 
1,300 

82,  395 
59,  925 
79,  934 

1.15 
0.83 
1.12 

1.00 
0.80 

0.97 

Februarv 

March  a 

a  Station  discontinued. 

;N"ote. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  43; 
measurements,  page  44;  rating  tahle,  page  46;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  41,  and  in  the  Nineteenth  Annual  Eeport,  Part  IV",  page  227. 

OCMULGEE   RIVER. 

Estimated  monthly  discharge  of  Ocniulgee  River  at  Macon,  Georgia. 

[Drainage  area,  2,425  square  miles.] 


Month. 


Discharge,  in  second-feet. 


Maxi- 
mum. 


1898. 

January 3,  472 

February 1,195 

March 

April 

May 

June 

J"iy 

August 

Septeml)er 

October 

November 

December 


2,675 
12, 120 
1,  555 
1,740 
5,880 

15,  000 
31,  640 
28,  760 
18,  520 

16,  920 


Mini- 
mum. 


860 

820 

840 

940 

600 

388 

405 

940 

1,040 

1,  0.20 

1,  555 

2,042 


The  year '  31,  640 


388 


Mean. 


1,300 

964 

1,263 

2,619 

909 

653 

1,645 

4,630 

6,  008 

5,734 

3,698 

3,  567 


Total  in  acre- 
feet. 


79,  934 

53,  538 

77,  660 

155,  841 

55, 893 

38,  856 

101, 148 

284,  689 

357,  500 

352,  572 

220,  046 

219,  328 


2,749  I     1,997,005 


Run-off. 


Depth  in 
inches. 


0.62 
0.42 
0.60 
1.20 
0.44 
0.30 
0.78 
2.20 
2.77 
2.72 
1.70 
1.69 


Second- 
feet  per 
square 
mile. 


15.  44 


0.54 
0.40 
0.52 
1.08 
0,38 
0.27 
0.68 
1.91 
2.48 
2.36 
1.52 
1.47 


1.13 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  43, 
leasurements,  page  44;  rating  tahle,  page  46;  results  for  1897  in  Water-Supply  and  Irrigation   Paper 


raeasurem< 

No.  27,  page  32,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  230. 
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Fig.  55. — Discharge  of  Ocmulgee  Eiver  at  Macon,  Georgia,  1893-1898. 

EASTERIS^  GUJLiF  DRAIISTAGE. 

Under  this  heading  are  included  the  rivers  flowing-  into  the  Gulf  of 
Mexico  at  points  east  of  the  mouth  of  the  Mississippi.  The  i)rincipal 
measurements  have  been  on  the  Chattahoochee,  Alabama,  and  Black 
Warrior  rivers,  and  their  tributaries  in  northern  Georgia  and  Alabama. 


CHATTAHOOCHEE    RIVER.  . 

Chattahoochee  Eiver  rises  in  the  Blue  Ridge  Mountains  of  northeast- 
ern Georgia  and  flows  in  a  southeasterly  course  across  the  State  to  West 
Point,  Georgia,  from  which  point  to  the  Florida  line  its  west  bank  at 
high  Avater  forms  the  liue  between  Georgia  and  Alabama.  It  crosses 
the  "■  fall  line ''  at  Columbus,  Georgia,  above  which  point  it  has  many- 
tine  shoals,  which  are  enumerated  on  page  175  in  tabular  form.  A 
more  detailed  description  of  this  river  is  given  on  pages  84  and  85  of 
Part  IV  of  the  Eighteenth  Annual  Report,  and  on  page  233  of  Part 
TV  of  the  Nineteenth  Annual  Report  of  this  Survey. 

This  river  drains  a  large  area  of  the  Dahlonega  gold  belt  in  the 
northeastern  part  of  the  State,  in  which  hydraulic  mining  of  the  sapro- 
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lite  ores  is  an  important  industry.  These  veins  or  belts  of  auriferous 
decomposed  schists  vary  in  thickness  from  50  to  150  feet,  and  are  decom- 
posed to  the  level  of  the  adjacent  large  streams,  giving  a  breast  or 
heading  in  the  open  cut  of  from  100  to  150  feet  in  depth  above  sluice 
grade.  The  mining  is  done  by  hydraulic  giant  or  nozzle  under  pres- 
sure from  reservoirs  on  the  hilltop,  in  the  same  manner  that  the  great 
gravel  deposits  of  the  Pacific  slope  are  worked ;  but  as  the  material  is 
vein  matter  instead  of  placer  gravel,  a  stamp  mill  is  located  at  the  lower 
end  of  the  sluice  flume,  which  is  generally  from  a  half  mile  to  a  mile  in 
length,  and  the  solid  material,  which  is  mainly  quartz,  is  automatically 
dumped  over  a  '^grizzly"  into  bins  on  the  mill  floor,  from  which  it  is 
fed  into  the  stamp  mill.  The  sand  and  slimes  after  passing  through 
the  grizzly  are  automatically  deprived  of  their  coarser  materials  by 
screens  or  settling  bins  and  pass  ofl'  through  a  flume  to  the  stream. 
The  coarser  sand  is  also  fed  into  the  stamp  mill.  About  35  per  cent  of 
the  gold  obtained  is  liberated  on  the  way  to  the  mill  and  is  caught  in 
the  riffles  of  the  sluice  flume;  the  remainder  is  caught  at  the  mill  by 
free  amalgamation  in  the  batteries  and  on  the  plates.  This  is  a  waste- 
ful process,  involving  a  loss  of  from  40  to  60  per  cent  of  the  gold  in  the 
ore,  but  the  success  of  the  process  depends  upon  the  cheap  handling  of 
large  masses  of  low-grade  material.  The  proportion  of  the  ore  that  has 
to  be  milled  varies  with  the  equipment  and  material  from  one-fifth  to 
one-tenth  of  the  original  bulk.  The  water  supply  for  these  mining 
operations  is  taken  from  the  mountain  streams,  at  a  high  level,  and 
brought  by  gravity  in  deep,  narrow,  swiftly  running  ditches  or  canals, 
along  the  hillsides,  and  finally  on  the  hilltops  over  the  mines,  at  which 
point  it  has  an  elevation  of  from  200  to  300  feet  above  the  streams. 

Some  of  the  most  important  mining  canals  which  have  been  con- 
structed on  this  watershed  are: 

Blake  Ditch,  in  White  County,  Georgia,  from  headwaters  of  Town  Creek.  It  is  6 
miles  long,  area  of  waterway  4  feet  by  2+  feet,  grade  5  feet  to  the  mile,  supply  about 
200  miner's  inches. 

Loud  Ditch,  in  White  County,  Georgia,  is  from  Town  Creek.  Its  length  is  25 
miles,  area  of  waterway  3  feet  by  5  feet,  grade  4  feet  to  the  mile,  supply  from  300  to 
500  miner's  inches. 

Singleton  Ditch,  in  Lumpkin  County,  is  from  Wards  Creek.  Its  length  is  12  miles, 
area  of  waterway  about  2  feet  by  3  feet,  supply  about  100  miner's  inches. 

Hand  Ditch  (or  Yahoola  Canal),  in  Lumpkin  County,  Georgia,  is  from  the  upper 
waters  of  Yahoola  Creek.  It  runs  through  the  town  of  Dahlonega.  The  length  of 
main  ditch  is  22  miles,  and  the  length  of  additional  distributing  ditches  to  different 
mines  about  20  miles.  The  main  ditch  has  an  area  of  waterway  of  about  4  by  6  feet, 
and  a  grade  of  5  feet  to  the  mile.  It  supplies  from  15  to  25  second-feet  of  water.  There 
are  on  the  main  line  three-quarters  of  a  mile  of  36-inch  wooden  pipe,  and  3,000  feet 
of  36-inch  wrought-iron  pipe  across  Yahoola  Creek,  a  depression  of  about  300  feet. 
The  branch  ditch  running  toward  Aurari^  crosses  Crane  Creek  in  about  3,500  feet  of 
24-inch  wrought-iron  pipe,  the  lowest  point  of  which  is  under  a  pressure  of  about 
300  feet. 

Cane  Creek  Ditch  is  in  Lumpkin  County,  Georgia,  receiving  water  from  Cane 
Creek.  Tlie  length  is  18  miles,  grade  3  feet  per  mile,  and  the  supply  from  100  to  200 
miner's  inches. 
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Etowah  Ditch,  in  Lumpkin  County,  7  miles  long,  brings  from  20  to  25  second- feet 
of  Avater  from  a  tributarj^  of  the  Etowah  River  and  pours  it  over  the  divide  into 
Cane  Creek  of  the  Chattahoochee  watershed,  in  order  to  increase  the  water  power 
of  the  Barlow  Stamp  Mill,  which  is  on  Cane  Creek,  a  long  distance  below.  From 
the  divide  or  top  of  the  ridge  to  Cane  Creek  it  falls  200  feet  or  more. 

Dukes  Creek  Ditch  is  in  White  County,  from  Dukes  Creek.  This,  with  Glade 
Ditch,  in  Hall  County,  from  Flat  Creek,  is  also  on  the  Chattahoochee  watershed. 

In  the  Dahlonega  region,  but  on  the  Etowah  Eiver  watershed,  three 
important  raining  ditches  have  been  constructed;  the  Mill  Creek 
Ditch,  about  20  miles  long;  the  Shoal  Creek  Ditch,  with  20  miles  of 
main  canal  and  31  miles  of  distributive  ditches,  and  the  Nimblewell  or 
Kin  Mori  Ditch,  35  miles  long.  The  two  last  named  are  partly  in 
Dawson  County. 

It  must  not  be  understood  from  the  above  that  all  of  the  gold  mining 
in  Georgia  is  of  this  nature.  Underground  vein  mining  is  carried  on 
in  the  Dahlonega  belt  and  other  gold  belts  of  the  State  quite  exten- 
sively. Most  of  the  gold  stamp  mills  on  the  Chattahoochee  watershed 
are  run  by  water  power.  The  Dahlonega  Consolidated  Gold  Mining 
Company  is  erecting  a  120-stamp  mill,  each  stamp  weighing  800  pounds, 
with  ore  breakers,  self-feeders,  concentrators,  and  chlorinatlon  plant  to 
be  used  for  working  the  large  masses  of  pyritic  gold  ores  that  have 
been  exposed  by  the  hydraulic  mining  above  described.  This  mill  is  to 
be  run  by  water  power  from  the  Hand  ditch  under  a  very  high  head. 

The  city  of  Atlanta  draws  its  water  supply  from  the  Chattahoochee 
River.  Pumping  Station  ^o.  1,  on  the  river  bank,  6  miles  from  the 
city,  has  two  ten- million-gallon  Holly  engines  for  i)umping  the  water 
into  a  large  reservoir  situated  near  the  city  limits.  Here  it  is  filtered 
and  pumped  into  the  city  mains  from  Station  No.  2,  which  plant  con- 
sists of  two  twelve-million-gallon  Holly  engines. 

The  only  new  water-power  developments  of  importance  are  at  Colum- 
bus, Georgia.  There  are  two  dams  across  the  Chattahoochee  River  at 
Columbus,  that  were  built  many  years  ago  and  are  still  doing  good 
service.  These  are  the  Eagle  and  Phoenix  dam  and  the  City  Mills 
dam.  The  former  is  25  feet  high  and  operates  the  three  cotton  mills  of 
the  Eagle  and  Phoenix  Mills — 43,216  spindles  and  1,338  looms,  and  one 
woolen  mill  of  the  Eagle  and  Phoenix  Mills  of  3,936  woolen  spindles 
and  156  woolen  looms.  Also  mills  Nos.  1  and  2  of  the  Muscogee  Man- 
ufacturing Company — 12,300  spindles.  The  latter  dam,  with  10-foot 
head,  operates  the  large  flour  and  corn  mills  of  the  City  Mills  Company, 
and  also  furnishes  power  for  the  combined  stations  of  the  Columbus 
Railroad  Company  and  the  Brush  Electric  Light  and  Power  Company. 
The  power  station  contains  six  68-inch  Leff'el  ^' Sampson  "  turbines, 
capable  of  developing  232  horsepower,  each  under  a  10-foot  head.  These 
operate  electric  generators  for  running  all  the  street  cars  of  the  Colum- 
bus Railroad  Company,  and  other  generators  for  incandescent  and  arc 
lights,  and  the  motors  for  manufacturing  establishments  in  the  city. 

A  short  distance  above  the  City  Mills  the  Columbus  Power  Company, 
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recently  formed,  with  a  capital  of  $200,000,  is  developing  8,000  horse- 
power by  building  a  dam  across  the  river  at  Lovers  Leap,  in  North 
Highlands,  just  outside  of  the  city  limits.  The  dam  will  develop  a  head 
of  35  feet. 

The  following  tabular  statement  of  tributaries  in  the  Apalachicola 
Basin  is  taken  from  Bulletin  No.  3A  of  the  Georgia  geological  survey, 
compiled  by  Prof.  B.  M.  Hall.'  This  bulletin  also  gives  a  statement  of 
the  important  water  powers  on  the  large  streams  of  the  basin. 

Important  creeks  and  rivers  in  Ajjalachicola  Basin. 


Name. 


Stauding  Boy Chattahoochee. 

Mulberry do 


Tributary  to — 


Mountain do 

Old  House ' do 

riat  Shoals do 


Muddy do 

Yellow  J  acket do 

Beach ;  Yellow  Jacket. 


Panther 

Flat 

New  lliver. 


Whittaker 

Hillabuhatchee . 
Centralhatchee  . 
Wahoo 


Chattahoochee. 

do 

do 


-do 
.do 
.do 
.do 


Cedar do 

Snake do 

Dog  lliver do 

Bear do 


County. 


Muscogee. 
Harris  . . . . 


.do 

do 
-do 


Troup 

do 

do 

do 

do 

Heard 


do  . 

do  . 

do  . 

Coweta 


do  ... 

Carroll  . . 

do  ... 

Douglass 


Camp do Campbell 

Sweetwater do Paulding 


Powder  Spring  .. 

Noses 

Soap 

Utoy 


Sweetwater. 
do 


Cobb  . 
do 


Chattahoochee do 


-do 


Nickajack ! do 


Fulton. 
Cobb  .. 


Dis- 
charge. 


Second- 
feet. 


CO 


80 
7 
87 
35 
25 
20 
133 

91 


Remarks. 


60 

41 


3 
25 
53 


167 

34 
62 


Large  shoal  on  creek  2  miles 
from  mouth. 

Large  creek;  falls  60  feet  in 
one-fourth  mile. 

20-foot  fall  on  shoal  at  river 
road. 


Troup  factory ;  18-foot  fall, 
low  water. 

5|  miles  from  Lagrange;  10- 
foot  fall,  low  water. 

84  miles  from  Lagrange;  10- 
foot  fall,  low  water. 

5  miles  from  Lagrange;  15- 
foot  fall,  low  water. 

3  miles  from  Lagrange;  10- 
foot  fall,  low  water. 

Gorham's  mill;  12-foot  fall, 
low  water. , 

One-fourth  mile  of  month; 
10-foot  fall,  low  spring 
stage. 

Whittaker's  mill ;  30-foot  fall. 


8-foot  fall;  sawmill. 

At  Sergeant's;  at  mean  low 
water.  Fall  33  feet  in  1,600 
feet.  Cotton  factory  and 
grist  mill. 

14-foot  fall. 

Above  Watkin's  mill. 


Austell  Shoals,  near  mouth, 
has  80  feet  of  fall.  At 
Hayes  Bridge  is  80  second- 
feet  at  low  water. 

Powder  Springs;  low  water. 


Paper  mill;  67  feet  head, low 
spring  stage. 

29-foot  fall  at  RuflF's  mill  and 
21 -foot  at  Concord  factory. 


1  A  Preliminary  Report  on  a  part  of  the  Water  Powers  of  Georgia,  Compiled  from  the  notes  of  C.  C. 
Anderson,  late  assistant  geologist,  by  B.  M.  Hall,  special  assistant,  Atlanta,  1896.     152  pp. 
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Important  cree^^s'  and  rivers  in  Jpalachicola  Basin — Continued. 


Name. 


Peacbtree 


Nancv 


Rotten  wood 
Long  Island 
AVillis 


Vickery  . 
Suwanee. 


Ivy 

Chestatee. 

Cane 


Clay 

Yahoola  . 
Cavender 


Yellow  ... 
Tessantee 
Shoal 


Town . . 
Jennie. 
Tate . . . 


Mill  . 
Dick. 


Turner 
Little .  - 


Glade. 


Flat 


Mud 

Little  Mud 
Hazel 


Deep. . 
Sboal  . 
Mossy 
Duke. 

Smith. 


Tributary  ^o — 


Chattahoochee 


Peacbtree. 


Chattahoochee. 

do 

do 


.do 
.do 


Suwanee. 


Chattahoochee. 


Chestatee. 


Cane 

Chestatee. 
do  .... 


do  .... 

do  .... 

Tessantee 


do  .... 

Town 

Chestatee. 


.do 
.do 


do 

Chattahoochee. 


do 


Chattahoochee. 


do  . 

do. 

Soquee. 


do 

do 

Chattahoochee . 
do 


-do 


County. 


Fulton . 


-do 


Cobb  .. 
Fulton. 
Cobb  .. 


Forsyth  .. 
Gwinnett. 

do.... 

liUmpkin  . 


.do 


.do 
.do 
.do 


Hall  . . 
White 
do 


-...do  ... 

do  ... 

Lumpkin 


.do 
.do 


White 
Hall  . . 


.do 


.do 


Habersham 

do 

do 


Dis- 
charge. 


Second- 
feet. 

23 


45 

12 

7 
17 

50 

12 

2 


....do 

....do 

White 

do 


.do 


95 


152 


14 

33 
20 


38 
17 


13 


Remarks. 


Houston's  mill;  22-foot  fall, 
low  water.  Buckheadroad, 
97  second-feet. 

Lot  96,  seventeenth  district; 
low  spring  stage. 

July  28,  1892,  B.  M.  Hall. 

Lot  164,  seventeenth  district. 

Wright's  miU;  23-foot  fall, 
ordinary  stage;  gross  horse- 
power is  43. 

3  factories  at  Roswell;  total 
fall,  103  feet. 

Lawrenceville  and  Buford 
road. 


Hamilton's  mill; 
low  water. 


18  foot  fall. 


Important  gold-mining 
stream,  with  many  fine  un- 
developed powers  not  sur- 
veyed. 

At  Cane  Creek  Falls,  60-foot 
fall.  At  Barlow  gold  mill. 
40  second-feet,  without  the 
Etowah  Ditch  water. 

Has  a  good  shoal. 

Source  of  hand-mining  ditch. 

Drains  an  important  gold- 
mining  region. 

20-foot  shoal  near  mouth. 

Big  shoal  near  mouth. 

Asbury's  mill  and  good 
shoals. 

Source  of  Loud  Ditch. 


To  furnish  water  for  pro- 
posed Cavender  Creek 
Ditch. 

Large  creek;  falls  over  100 
feet  to  the  mile. 


Castleberry's  mill;  4  miles 
from  Gainesville;  71-foot 
fall;  gross  horsepower,  122; 
25  horsepower  used. 

Furnishes  water  and  drain- 
age to  "The  Glades"  gold 
mine. 

50  foot  fall;  shoal  above  "The 
Glades  "  gold  mine. 

Big  Mud  Creek. 

Lake  and  water  power  at 
Demorest. 

At  mouth. 

Do. 


Dukes   Creek  Falls,    300-foot 
fall. 

Annie    Ruby  Falls,    300-foot 
fall. 
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Important  creeks  and  rivers  in  Apalachicola  Basin — Continued. 


^N'ame. 

Tributary  to— 

County. 

Dis- 
charge. 

Remarks. 

Kinahatoochee. .  - 
Bucks 

Flint 

W  ebster 

Second- 
feet. 

Large  creek,  with  fine  unde- 
veloped power,  enough  for 
100,000  spindles. 

do       

Macon 

VV  h  1  <  fi'wa  ter 

do 

do 

Cedar             . . . ^ . . 

Whitewater 

Flint 

Taylor 

Parchelagee 

Spring 

Little  Potato 

do 

do 

Crawford 

do 

Upson 

Big  Potato 

Wasp 

Grape 

Laxer 

Pigeon 

Cane  Creek 

Eed  Oak 

Elkins 

. .  do 

do 

Big  Potato 

do    

Pike 

.....do  

Flint             

Talbot 

do             

Meriwether 

do 

do 

do 

do 

do 

Pike 

Line 

.     do 

Coweta 

"Whitewater 

Line 

Favette 

PRECIPITATION   IN   BASINS   OF   CHATTAHOOCHEE  AND    COOSA   RIVERS. 

The  principal  observations  of  rainfall  made  within  the  basins  of  the 
Chattahoochee  and  Coosa  rivers  are  at  Diamond,  Eamsey,  Adairs- 
ville,  Rome,  Dahlonega,  Gainesville,  Marietta,  Atlanta,  Newnan,  and 
Lagrange.  The  relative  location  of  these  points  is  shown  in  fig.  56, 
in  connection  with  the  points  of  river  measurement,  which  are  located 
at  Carters,  Canton,  Oakdale,  and  West  Point. 

The  following  table  gives  the  names  and  locations  of  the  stations,  the 
elevations,  and  the  lengths  of  records,  the  latter  being  the  number  of 
years  during  which  complete  records  were  had  for  the  different  months. 

Location  of  rainfall  stations. 


Station. 


Diamond  . . 
Ramsey  .-. 
Adairsville 

Rome 

Dahlonega. 
Gainesville 
Marietta... 
Atlanta. .. . 
Newnan  ... 
Lagrange . . 


County 


Gilmer  . . . 
Murray  . . 
Bartow  .. 
Floyd . . . . 
Lumpkin 

Hall 

Cobb 

Fulton  . . . 
Coweta  .. . 
Troup 


state. 


Georgia 
do  .. 


.do  .. 
do  .. 
do  .. 
do  .. 
do  .. 
.do  .. 
do  ,. 
do  .. 


Latitude: 


34  40 
34  42 
34  22 
34  16 
34  32 
34  18 
33  58 
33  46 
33  23 
33  02 


Longi- 
tude. 


84  17 
84  45 

84  56 

85  08 
83  59 

83  47 

84  30 
84  23 

84  45 

85  01 


Eleva- 
tion. 


Feet. 
2,020 

772 

576 

2,000 

1,254 

1,133 

1,131 

959 

742 


Length  of 
record. 


Years. 

7-9 

4-5 

5-6 
17-18 

6-9 
12-25 
10-13 
30-33 

2-16 
14-17 


20  GEOL,  PT  4 12 
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In  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  beginning  of  the  record  to  and  includ- 
ing 181)7,  together  with  the  total  precipitation,  by  months,  for  the  years 


Fig.  56.— Relative  location  of  river  and  rainfall  observations  iu  basins  of  Cbattaboochee  and  Coosa 

rivers. 

189G,  1897,  and  1898,  and  the  amount  by  years.  In  obtaining  the  nor- 
mal precipitation  the  average  is  taken  for  all  of  the  months  during 
which  observations  were  made. 
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Bainfall  at  stations  in  drainage  basins  of  Chattahoochee  and  Coosa  rivers. 

DIAMOND. 


Tear. 


Normal . 

1896 

1897 

1898 


Jan. 


5.64 

3.32 

4.89 

a5.  64 


Feb. 


8.56 

3.70 

a8.56 

0.78 


Mar. 


6.56 
3.33 
9.27 
6.28 


Apr. 


5.40 
2.34 
5.44 
6.27 


May. 


5.57 
2.55 
1.67 
1.22 


June. 


6.19 

4.75 
5.48 
3.04 


Julv. 


8.46 

11.31 

5.92 

6.98 


Aug. 


6.41 

2.76 

3.93 

11.74 


Sept. 


4.99 
3.13 
0.09 
6.93 


Oct. 


2.50 

2.29 

4.01 

11.77 


Nov. 


4.66 
9.17 
2.68 
4.52 


Dec. 


4.77 
1.71 
7.97 
2.35 


Annual. 


RAMSEY. 


69.71 
50.36 
59.91 
67.52 


Normal . . . 

1896 

1897 

1898 

Normal . . . 

1896 

1897 

1898 


4.12 

3.84 

5.33 

4.08 

3.53 

2.47 

5.42 

3.49 

1.84 

1.84 

2.48 

3.88 

2.77 

4.11 

2.50 

3.27 

3.94 

1.27 

5.14 

2.09 

3.58 

1.65 

6.88 

0.33 

2.17 

5.34 

9.91 

6.13 

2.33 

2.94 

8.05 

4.84 

0.11 

2.32 

1.81 

6.50 

5.19 

0.68 

5.38 

4.56 

0.16 

3.95 

6.79 

5.15 

8.44 

6.91 

3.82 

1.46 

42.32 
37.53 
52.45 
52.49 


ADAIRSVILLE. 


4.82 

4.44 

4.70 

4.38 

3.08 

3.46 

5.12 

3.69 

2.36 

1.01 

2.65 

3.97 

3.64 

3.67 

2.66 

1.58 

3.18 

1.33 

6.16 

2.36 

4.73 

1.04 

4.34 

1.23 

4.39 

5.10 

7.60 

4.27 

0.73 

0.91 

8.62 

5.11 

0.18 

1.92 

1.68 

6.21 

4.95 

0.73 

3.54 

5.87 

0.73 

5.89 

7.27 

5.23 

9.98 

7.14 

3.21 

1.87 

43.68 
35.92 
46.72 
56.41 


HOME. 


Normal 
1896.... 
1897.... 
1898.... 


5.83 

4.56 

5.96 

4.17 

3.09 

4.13 

4.28 

4.25 

2.54 

2.11 

3.26 

4.20 

4.06 

4.26 

3.22 

1.91 

3.10 

1.85 

5.30 

4.51 

3.45 

1.45 

4.96 

1.47 

5.43 

5.78 

9.80 

3.16 

0.91 

3.34 

7.68 

2.65 

0.00 

1.15 

1.35 

6.83 

5,05 

0.86 

3.58 

6.62 

0.98 

3.00 

7.54 

5.10 

7.49 

7.15 

3.31 

1.80 

48.38 
39.54 
48.08 
52.48 


DAHLONEGA. 


Normal 

1896 

1897 

1898 


6.98 

5.25 

6.10 

4.10 

4.81 

5.76 

7.38 

6.48 

3.91 

2.81 

4.48 

5.01 

4.57 

4.81 

2.91 

2.07 

5.05 

4.62 

8.03 

2.95 

1.82 

3.36 

7.86 

0.97 

5.77 

6.01 

9.98 

7.10 

0.90 

2.05 

8.27 

1.75 

0.65 

3.69 

3.51 

6.08 

5.54 

1.38 

4.60 

5.53 

1.00 

3.87 

10.62 

10.69 

12.08 

8.32 

4.45 

3.69 

63.07 
49.02 
55.76 

71.77 


GAINESVILLE. 


Normal 
1896.... 

1897 

1898.... 


6.42 

6.63 

6.69 

4.08 

3.52 

4.46 

4.89 

5.84 

4.09 

2.63 

3.94 

5.23 

1.53 

2.08 

10.61 

0.77 

1.62 

6.77 

2.02 

4.40 

4.89 

6.90 

a4.08 

1.15 

3.03 

14.43 

2.48 

0.05 

2.67 

3.46 

2.78 

3.24 

0.79 

4.41 

5.29 

1.03 

1.23 

12.12 

9.58 

6.71 

7.30 

3.58 

3.37 

59.52 

50.32 
58.65 


MARIETTA. 


Normal 
1896.... 
1897.... 
1898.... 


5.25 

5.08 

5.68 

3.19 

3.29 

4.10 

5.54 

4.33 

3.56 

2.03 

3.42 

3.55 

4.01 

3.75 

3.44 

L28 

2.14 

2.58 

9.36 

T.& 

1.40 

L82 

4.94 

L45 

4.02 

4.29 

7.14 

4.35 

0.41 

2.63 

8.41 

3.86 

T.b 

2.33 

1.84 

3.91 

3.33 

0.68 

4.70 

3.92 

0.63 

1.94 

13.19 

6.21 

8.59 

6.54 

3.25 

1.78 

49.02 
36.17 
43.19 
54.76 


ATLANTA. 


Normal 
1896.... 
1897..-. 
1898.... 


5.10 

5.10 

5.70 

4.20 

3.50 

4.00 

3.90 

4.50 

3.60 

2.20 

3.70 

4.50 

3.12 

3.04 

3.29 

0.58 

1.95 

2.66 

7.55 

L97 

1.36 

1.28 

5.90 

1.42 

3.48 

4.59 

5.74 

5.06 

0.34 

2.07 

4.74 

6.01 

0.14 

1.80 

2.29 

3.00 

2.99 

0.62 

4.09 

5.15 

L35 

0.89 

10.22 

6.66 

6.33 

5.06 

3.36 

3.84 

50.  00 
34.12 
39.26 
50.56 


a  No  record ;  normal  value  inserted. 
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Rainfall  at  stations  in  drainage  basins  of  Chattahoochee  and  Coosa  rivers — Continued. 

NEWNAN. 


Year. 

Jan. 

Feb. 

Mch. 

Apr. 

May. 

[June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

!PTorni  al  . . . 

4.38 

3.34 
1.82 
0.66 
0.83 

4.99 
3.72 
4.61 
2.93 

5.35 

10.14 

5.29 

7.37 

5.01 

2.02 

4.85 

14.59 

3.61 
1.26 
0.21 
2.81 

2.21 
1.19 
1.08 
8.15 

2.81 
7.30 
2.24 
4.50 

2.16 

1896             

« 

0.95 

1897       

3.17 

1.88 

6.70 

8.43 

4.74 

4.83 
5.22 

3.37 

1898 

4.15 

Annual. 


45.44 


LAGRANGE. 


Normal 

1896 

1897 

1898 


4.60 

4.95 

6.44 

3.32 

2.86 

4.37 

5.35 

4.77 

2.21 

2.33 

2.93 

4.77 

4.98 

4.65 

4.12 

1.65 

1.53 

1.66 

11.05 

1.28 

3.58 

1.07 

7.15 

1.69 

2.72 

5.82 

9.40 

6.09 

1.16 

2.27 

7.86 

4.76 

T.  & 

1.70 

1.50 

1.75 

2.74 

0.87 

3.59 

4.90 

0.22 

3.73 

4.76 

12.71 

1.63 

6.35 

4.31 

4.53 

48.90 
44.41 
45.03 
50.34 


AVERAGE. 


Normals 

1896 

1897 

1898 


5.42 

5.39 

5.91 

4.13 

3.66 

8.05 

5.57 

4.88 

3.27 

2.17 

3.43 

4.20 

3.81 

4.00 

3.18 

1.84 

2.68 

2.65 

8.47 

2.13 

2.59 

1.68 

6.50 

1.32 

4.04 

5.71 

9.42 

5.58 

1.03 

2.93 

7.93 

4.02 

0.14 

2.27 

2.24 

4.84 

4.06 

0.82 

4.49 

5.33 

0.82 

3.05 

8.69 

7.87 

7.10 

7.47 

3.83 

2.88 

56.08 
40.85 
50.15 
56.41 


h  Trace. 

Depth  of  run-off,  in  inches,  from  Chattahoochee  and  Coosa  drainage  basins. 

CHATTAHOOCHEE  AT  OAKDALE. 


Year. 

Jan. 

Eeb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1895 

0.43 
0.67 
0.72 
4.51 

0.92 
1.15 
0.77 
2.14 

1.06 
1.07 
1.36 
2.35 

15.56 
21.86 

28.48 

1896 

2.09 
1.90 
1.69 

1.90 
2.49 
0.97 

1.33 
4.19 
1.46 

1.14 
3.68 
2.45 

1.02 
1.58 
1.15 

0.91 
1.02 
0.84 

2.89 
2.48 
2.08 

0.79 
1.07 
3.53 

0.60 
0.60 
5.31 

1897 

1898 

Average . 

1.89 

1.79 

2.33 

2.42 

1.25 

0.92 

2.48 

1.80 

2.17 

1.58 

1.25 

1.46 

21.34 

CHATTAHOOCHEE  AT  WEST  POINT. 

1896  

0.93 
1.48 
3.01 

0.49 
0.38 
3.75 

1.54 

0.56 
0.45 
3.32 

1.72 
0.48 
2.00 

1.04 
1.30 
1.84 

20.01 
21.  89 

1897 

1.49 
1.16 

2.68 
0.73 

4.55 
0.97 

'3. 12 
2.34 

1.42 
0.78 

0.90 
0.50 

1.76 
1.49 

1898 

Average. 

1.34 

1.71 

2.76 

2.73 

1.10 

0.70 

1.63 

1.81 

1.44 

1.40 

1.39 

19.55 

COOSA  WATTEE  AT  CARTERS. 

1896     

0.33 
1.07 
2.19 

0.55 
0.55 
2.32 

0.63 
0.63 
3.64 

1.25 
0.55 
1.73 

1.49 
0.95 
1.50 

20.03 
22.06 

1897       

1.53 
1.95 

2.14 
1.18 

4.27 
1.49 

2.88 

3.22 
2.83 

2.08 
1.22 

1.33 
0.95 

1.71 
1.06 

1898 

Average. 

1.74 

1.66 

3.03 

1.65 

1.14 

1.39 

1.20 

1.14 

1.63 

1.18 

1.31 

19.95 
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Depth  of  run-off,  in  inches,  from  Chattahoochee  and  Coosa  drainage  basins — Continued. 

OOSTANATJLA  AT  RESACA. 


Tear. 

Jan. 

Feb. 

Mch. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1896 

1897 

1898 

Average. 

1.58 
3.22 

1.78 
1.01 

2.00 
1.84 

1.73 
3.58 

1.76 
0.99 

0.87 
0.82 

1.51 
0.91 

0.72 
1.57 

0.35 
3.77 

0.38 
4.05 

0.41 
1.77 

1.68 
1.71 

14.77 
25.24 

2.40 

1.40 

1.92 

2.66 

1.38 

0.85 

1.21 

1.15 

2.06 

2.22 

1.09 

1.70 

20.04 

ETOWAH  AT  CANTON. 

1895 

5.08 

2.14 

4.35 

3.48 

2.79 

2.22 

2.28 

3.24 

1.91 
0.40 
0.65 
3.62 

1.31 
0.95 
1.12 
4.36 

1.35 
1.76 
1.07 
2.60 

1.64 
1.21 
1.79 
3.66 

31.79 

25.35 
30.16 

1896 

1897       

2.28 
2.14 

3.17 

2.23 
1.02 

4.45 
1.94 

4.14 
2.14 

1.98 
1.12 

1.74 
0.91 

1.62 

2.26 
2.66 

1.64 
3.99 

1898   

Average . 

1.80 

3.58 

3.25 

1.96 

2.40 

2.96 

165.00 

1.94 

1.70 

2.08 

28.11 

Annual  rainfall  and  run-off  of  Chattahoochee  and  Coosa  rivers. 


Station. 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Diamond 

Inches. 

69.71 
42.32 
43.63 
48.38 
63.07 
59.52 
49. 02 
50.00 

Inches. 
50.  36 
37.53 
35.92 
39.54 
49.02 

Inches. 
59.91 
52.45 
46.72 
48.08 
55.76 
50.32 
43.19 
39. 26 
45.  44 
45.03 

Inches. 

67.52 
52.49 
56.41 
52.48 
71.77 
58.65 
54.76 
50.56 

Ramsey 

Adairsville 

Rome 

Dahlonega 

Gainesville   

Marietta 

36.17 
34.12 

Atlanta 

Newnan                   

Lagrange  

Average 

RUN- OFF. 

Chattahoochee  at  Oakdale 

Chattahoochee  at  West  Point 

Coosawattee  at  Carters    

48.90 

44.41 

50.34 

52.73 

40.88 

48.62 

57.22 

21.34 
19.55 
19.95 
20.04 
28.11 

15.  56 

21.86 
20.01 
20.03 
14.77 
25.35 

28.48 
21.89 
22.06 
25.24 
30.16 

Oostanaula  at  Resaca 

Etowah  at  Canton 

Average 

Percentage  of  rainfall 

21.80 

15.56 

20.40 

25. 57 

41.34 

38.06 

41.87 

44.69 
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Estimated  monthly  discharge  of  Chattahoochee  River  at  Oakdale,  (ieortjia. 

[Drainage  area,  1,560  square  miles.] 


Mouth. 


1898. 

January 

February  

March 

April  

May 

June 

July ' 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


9,150 

1,920 

10,  200 

14,  325 

2,165 

2,095 

U,020  j 

18,700  ' 

33,  975 

28,  450 

4,530 

8,950 


Mini- 
mum. 


Mean. 


33,  975 


1,  295 
1,240 
1,185 
1,688 
1,158 
920 
730 
1,490 
1,925 
1,850 
2,150 
2,112 


730 


2,288 
1,450 
1,984 
3,425 
1,566 
1,181 
2,806 
4,774 
7,434 
6,  096 
2,889 
3,179 


3,256 


Total  in  acre- 
feet. 


Run -off. 


Depth  in 
inches. 


Second- 
feet  ])er 
square 
mile. 


140,  686 

79,  529 

121,  992 

203,  801 

96,  290 

70,  274 

172,  535 

293,  544 

442,  353 

374,  831 

171,  907 

195,  470 


2,  363,  212 


1.69 
0.97 
1.46 
2.45 
1.15 
0.84 
2.08 
3.  53 
5.31 
4.51 
2.14 
2.35 


28.48 


1.47 
0.93 
1.27 
2.20 
1.00 
0.76 
1.80 
3.06 
4.77 
3.91 
1.92 
2.04 


2.09 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  ISTo.  27,  page  50; 
measurements,  page  57 ;  rating  table,  page  58 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  46,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  page  235. 


Sec.-ft. 

12, 000 

11, 000 
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1,  000 

0 

12,  000 

11,  000 

10,  000 

9,000 
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7,000 
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2,  000 
1.000 
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Fig.  57.— Discharge  of  Chattahoochee  River  at  Oakdale,  Georgia,  1895-1898. 
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Estimated  monthly  discharge  of  Chattahoochee  Biver  at  West  Point,  Georgia. 

[Drainage  area,  3,300  square  miles.] 


Month. 


1898. 

January 

February 

JVTarch 

April 

Mav 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

10,  800 

1,970 

3,  321 

3,  430 

1,840 

2,319 

6,140 

1,970 

2,785 

20,  750 

2,310 

6,931 

3,700 

1,540 

2,235 

2,100 

1,180 

1,491 

15,  240 

950 

4,267 

23,  940 

3,170 

8,615 

57,  350 

1,600 

11,  080 

40,  330 

1,600 

9,511 

10, 110 

3,890 

5,904 

9,834 

3,  795 

5,272 

57,  350 

950 

5,311 

1 

Total  in  acre- 
feet. 


204,  202 
128,  791 
171,  244 
412,  422 
137,  426 
88,  720 
262,  369 
529,  719 
659,  304 
584,  812 
351,  312 
324, 165 


3,  854,  486 


Run -off. 


Depth  in 
inches. 


1.16 

0.73 
0.97 
2.34 
0.78 
0.50 
1.49 
3.01 
3.75 
3.32 
2.00 
1.84 


21.89 


Second- 
feet  per 
square 
mile. 


1.01 
0.70 
0.84 
2.10 
0.68 
0.45 
1.29 
2.61 
3.36 
2.88 
1.79 
1.60 


1.61 


I 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  51; 
measurements,  page  57 ;  rating  table,  page  58 ;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper 
No.  15,  page  47,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  237. 
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)G.        SEPT. 
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FiQ.  58.— Discharge  of  Chattahoochee  River  at  West  Point,  Georgia,  1898. 
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FLINT  RIVER. 

Flint  River  rises  near  Atlanta,  Georgia,  and  drains  a  large  area  in 
western  and  southwestern  Georgia,  uniting  with  the  Chattahoochee  at 
the  southwest  corner  of  the  State  to  form  the  Apalachicola  River.  It 
crosses  the  '^fall  line"  near  Knoxville,  Georgia,  at  a  point  on  a  direct 
line  between  Macon  and  Columbus.  Above  the  ^'fall  line"  the  river 
and  its  tributaries  are  swift  and  have  numerous  shoals,  shown  in  the 
tabular  statement  on  page  177.  The  river  stations  on  Flint  River  are 
at  Molina  and  Albany,  Georgia. 

Estimated  monthly  discharge  of  Flint  Biver  at  Molina,  Georgia 
[Drainage  area,  892  square  miles.]  ^ 


Month. 


1898. 
January . . . 
February . . 

March 

April 

Mav 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

1,645 

531 

911 

850 

566 

663 

1,985 

496 

936 

6,580 

496 

1,634 

606 

275 

361 

Run-oft". 


Total  in  acre- 
feet. 


Depth  in 
inches. 


56,  016 
36,  821 

57,  553 
97,  232 
22, 197 


1.18 
0.77 
1.21 

2.05 
0.45 


Second- 
feet  per 
square 
mile. 


1.02 
0.74 
1.05 
1.84 
0.40 


Note. — Gage  heights  for  1898  are  given  in  Water- Supply  and  Irrigation  P^per  No.  27,  page  49; 
measurements,  page  57;  rating  table,  page  58;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  45,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  pages  233-234. 

ALABAMA    RIVER. 

COOSA  RIVER. 


Elaborate  surveys  of  Coosa  River  have  been  made  by  the  Corps  of 
Engineers,  United  States  Army,  and  a  full  description  of  its  character- 
istics can  be  found  in  their  publications.  When  the  locks  which  have 
been  planned  and  partly  constructed  are  all  completed  it  will  be  navi- 
gable from  the  Gulf  to  Rome,  Georgia;  and  its  tributary,  the  Oostanaula, 
will  be  navigable  to  Carters,  Georgia,  on  the  Coosawattee  River.  Steam- 
boats have  been  running  on  parts  of  the  Coosa  and  Oostanaula  for  many 
years.  From  Ellijay,  Georgia,  to  Carters,  the  Coosawattee  River  is  a 
continuous  shoal  for  about  17  miles.  This  latter  stream  is  formed  by 
the  junction  of  the  Ellijay  River  and  the  Oartecay  River,  near  Ellijay, 
both  of  these  being  mountain  streams  with  many  shoals. 
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Estimated  monthly  discharge  of  Coosa  River  at  Rome,  (ieorgia. 
[Drainage  area,  4,001  square  miles.] 


Month. 


Discharge,  in  second-feet. 


Maxi- 
mum. 


1897. 

January 17,025 

February  20,925 

IVIarcli 44,910 

April 35,150 

May j  8,250 

June I  4,  540 

July -  23,  460 

August 4,860 

September 1,  900 

October 2,570 

November 2,  000 

December '  9,810 


The  year 

1898. 

January  

February  

IVIarcb 

April 

JVIay 

June 

July 

August 


44,  910 


26,  970 
5,520 

20,  730 

32,  040 
4,220 
5,520 
6,690 

17,  805 

September \  45,  885 

October \  44,  910 


November. 
December  . 


12, 150 

8,250 


The  year |  45,  885 


Mini- 
mum. 


1,800 
4,220 
4,700 
4,860 
2,930 
1,900 
1,800 
1,360 
900 
1,010 
1,440 
1,900 


900 


2,220 
2,110 
2,110 
4,540 
2,330 
2,110 
1,900 
2,930 
3,060 
3,060 
3,060 
3,610 


Mean. 


4,820 

10, 100 

22,  537 

12,  304 

4,421 

2,884 

5,184 

2,256 

1,106 

1,518 

1,626 

4,086 


6,070 


7,272 
2,705 
4,384 
9,430 
2,778 
2,866 
3,670 
6,079 
12,114 
11,  830 
5, 213 
4,996 


1,  900   6,  111 


Total  in  acre- 
feet. 


296,  372 

560,  926 

1,  38.5,  755 

732, 137 

271,  838 

171,  610 

318,  754 

138,  717 

65,  811 

93,  339 

96,  754 

251,  240 


4,  383,  253 


447, 138 
150,  228 
269,  563 
561, 123 
170,  814 
170,  538 
225,  661 
373,  786 
720,  832 
727,  403 
310, 194 
307, 194 


4,  434,  474 


Run-off. 


Depth  in 
inches. 


1.38 
2.62 
6.49 
3.43 
1.27 
0.80 
1.50 
0.64 
0.31 
0.44 
0.46 
1.18 


20.52 


2.10 
0.71 
1.27 
2.63 
0.79 
0.80 
10.59 
1.75 
2.26 
3.41 
1.45 
1.44 


29.20 


Second - 

feet  per 

square 

mile. 


1.20 
2.52 
5.63 
3.07 
1.10 
0.72 
1.30 
0.56 
0.28 
0.38 
0.41 
1.02 


1.52 


1.82 
0.68 
1.10 
2.36 
0.69 
0.72 
9.17 
1.52 
3.03 
2.96 
1.30 
1.25 


Note. — Gage  heights  for  1898  are  given  in  Water- Supply 
measurements,  page  57;  rating  table,  page  58. 
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Sec. -ft. 
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Fig.  59.— Discharge  of  Coosa  River  at  Rome,  Georgia,  1897  and  1898. 

The  above  figure  gives  the  fluctuations  for  Coosa  River  at  Rome  for 
the  years  1897  and  1898,  showing  the  difference  in  the  character  of 
flow  during  these  two  years.  The  stream  is  also  measured  at  River- 
side, Alabama,  where  the  drainage  area  is  considerably  greater.  The 
results  at  the  latter  place  are  given  on  the  opposite  page. 
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Estimated  monthly  discharge  of  Coosa  River  at  Riverside,  Alabama. 

[Drainage  area,  6,850  square  luiles.] 


Montli. 


1898. 

January  35, 084 

February   16,760 

March 15, 045 

April 36,160 

May 9,560 

June 5,540 

July 9,900 

Auirust 19, 161 

September 41,920 

October 72,160 

November '  20,190 


Discharge  in  second-feet. 


Maxi- 
ninm. 


Mini 

niuiii. 


Mean 


December 


The  year 


9,900 


3,  550 
3,  655 
3,550 
8,260 
3,028 
2,320 
2,140 
3,970 
3,865 
3,  760 
5,300 
5,070 


72, 160   2,  140 


11,572 
5,763 

5,852 

18, 133 

4,684 

3,281 

4,289 

8,758 

13,  927 

19,  936 

8,375 

7,376 


Total  in  acre 
feet. 


Runoff. 


Depth  in 
inches. 


9,329 


711,  539 
320, 161 
359,  828 

1,  078,  986 
288,  010 
195,233 
263,  722 
538,  512 
828,  712 

1,225,825 
498,  345 
453,  535 

6,  762,  408 


1.95 
0.87 
0.68 
2.95 
0.78 
0.54 
0.72 
1.48 
2.26 
3.36 
1.36 
1.25 


18.20 


Second- 
feet  per 
square 
mile. 


1.69 
0.84 
0.59 
2.65 
0.68 
0.48 
0.63 
1.28 
2.03 
2.91 
1.22 
1.08 


1.34 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  54; 
tueasurements,  page  57;  rating  table,  page  58;  results  for  1897  in  Water-Suppl3-  and  Irrigation  Paper 
No.  15,  page  51,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  246. 
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Fig.  60. — Discbarge  of  Coosa  River  at  Riverside,  Alabama,  1898. 
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Observations  of  the  daily  changes  in  the  height  of  Goosa  River  have 
also  been  made  at  Wetumpka,  Alabama,  as  described  on  page  54  of 
Water-Supply  and  Irrigation  Paper  No.  15,  and  on  page  241  of  Part 
IV  of  the  Nineteenth  Annual  Report.  Heights  for  1898  are  given  in 
Water-Supply  and  Irrigation  Paper  No.  27,  page  55. 

ETOWAH    RIVER. 

Etowah  River  crosses  the  "  fall  line'-  at  Oartersville,  Georgia,  but  in 
passing  over  the  bed  rock  of  hard  blue  limestone  and  Knox  dolomite 
below  Gartersville  it  falls  145  feet  in  45  miles. 

In  the  catchment  basin  of  Long  Swamp  Greek,  in  Pickens  Gounty, 
Georgia,  on  the  headwaters  of  Etowah  River,  is  a  vast  bed  of  crystal- 
line marble,  which,  on  account  of  its  great  strength  and  beauty,  has 
become  one  of  the  most  popular  of  building  and  ornamental  stones. 
Tlie  four  large  quarrying  companies  are:  The  Georgia  Marble  Gom- 
pauy,  the  Piedmont  Marble  Gompany,  the  Southern  Marble  Gompany, 
and  the  Amicalola  Marble  and  Power  Gompany.  These  companies  own 
and  operate  nine  well-equipped  quarries,  having  47  gangs  of  saws,  with 
rubbing  beds,  lathes,  and  other  finishing  machinery,  the  best  modern 
derricks,  travelers,  etc.,  and  15  miles  of  railroad  connecting  the  quarries 
with  Tate  and  Ballground  on  the  Atlanta,  Knoxville  and  Northern 
Railroad.  The  milling  and  finishing  companies  that  saw  and  finish 
this  marble  but  have  no  quarries  are:  George  B.  Sickles  &  Go.,  Tate, 
Georgia;  Blue  Ridge  Marble  Gompany, Nelson,  Georgia;  Georgia  Mar- 
ble Finishing  Gompany,  Ganton,  Georgia;  and  the  Kenesaw  Marble 
Gompany,  Marietta,  Georgia.  They  all  have  large  mills  with  every 
modern  improvement.  The  operation  of  quarrying,  milling,  and  finish- 
ing requires  a  good  water  supply,  which  is  easily  obtained  from  the 
high  mountain  streams *of  this  region. 

The  only  water  power  used  so  far  for  driving  machinery  is  at  the  mill 
of  the  Southern  Marble  Gompany,  where  there  is  a  Pelton  wheel,  oper- 
ating under  a  head  of  210  feet,  with  water  obtained  from  Rocky  Greek 
by  a  race  1  mile  long  and  through  1,500  feet  of  pipe.  It  is  estimated 
that  the  steam  power  now  being  used  in  the  valley  amounts  to  1,200 
horsepower  or  more,  all  of  which  could  be  supplied  electrically  from 
the  Heard  Shoal  on  the  Amicalola  River,  8  miles  away,  where  the  fall 
is  234  feet  in  a  short  distance..  The  discharge  measurements  made  on 
this  stream  in  1898  are  noted  on  page  45  of  Water-Supply  Paper  No.  27. 

Above  Gartersville  the  Etowah  River  drains  the  Dahlonega  gold  belt 
for  many  miles,  and  there  are  long  stretches  of  its  bed  where  it  is 
believed  that  large  profits  could  be  made  by  using  dredge  boats,  as  has 
been  successfully  done  on  the  Ghestatee  River  of  the  Ghattahoochee 
watershed.  The  few  powers  that  are  developed  on  the  Etowah  and  its 
tributaries  are  used  for  running  saw  and  grist  mills  and  gold-stamp 
mills.  The  most  important  of  these  is  at  the  Greighton  gold  mines,  in 
Gherokee  Gounty,  ()  miles  east  of  Ballground,  Georgia.    Here  a  dam 
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on  the  river  furnishes  jjower  for  running  23  stamps  of  850  pounds  each, 
also  10  concentrators,  an  electric  plant,  and  a  Eand  duplex  air  com- 
pressor. There  is  also  at  the  mill  a  large  chlorination  plant.  The  air 
compressor  operates  drills  in  the  mine  and  at  the  same  time  gives  good 
ventilation.  The  mine  has  been  working  successfully  for  years,  and  is 
steadily  increasing  its  output,  the  workings  on  the  large  pyritic  quartz 
vein  having  reached  a  depth  of  about  500  feet. 

A  tabulated  statement,  given  in  Bulletin  No.  3A,  pages  22  to  27 
of  the  Georgia  geological  survey,^  aftbrds  an  idea  of  the  water  powers 
on  the  Georgia  tributaries  of  the  Coosa  and  Tallapoosa  rivers.  The 
discharges  there  given  are  from  actual  measurements  made  prior  to 
1895,  but  the  stages  of  water  at  which  they  were  taken  are  only  approxi- 
mated. 

Estimated  monthly  discharge  of  Etotvah  River  at  Canton,  Georgia. 

[Drainage  area,  604  square  miles.] 


Month. 


1898. 

January 

February 

March 

April 

May 

June 

July 

August 

September  . ... 

October 

November 

December 

The  year 


Discharge  in  second- feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

5,138 

380 

1,121 

924 

470 

625 

4,640 

310 

1,014 

3,460 

560 

1,160 

924 

380 

584 

833 

310 

497 

6,549 

380 

1,388 

5,470 

922 

2,087 

10,  035 

922 

1,964 

11,  695 

855 

2,286 

2,150 

1,059 

1,409 

2,483 

1,498 

1,913 

11,  695 

310 

1,  337 

1 

Total  in  acre- 
feet. 


68,  928 

34,  711 
62,  349 

69,  025 

35,  909 
29,  573 
85,  345 

128,  325 

116,  866 
140,  562 

83,  841 

117,  627 


973,  061 


Run-off. 

Depth  in 
inches. 

Second - 

feet  per 

square 

mile. 

2.14 

1.86 

1.02 

0.S8 

1.94 

1.68 

2.14 

1.92 

1.12 

0.97 

0.91 

0.82 

2.66 

2.30 

3.99 

3.46 

3.62 

3.25 

4.36 

3.78 

2.60 

2.33 

3.66 

3.17 

30.16 

2.21 

Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  51; 
measurements,  page  57;  rating  table,  page  58.  Results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  47,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  237. 


'A  Preliminary  Report  on  a  part  of  the  Water  Powers  of  Georgia,  Compiled  from  the  notes  of  C.  G. 
Anderson  by  B.  M.  Hall,  Atlanta,  Georgia,  1896,  being  Bulletin  3  A  of  the  Geological  Survey  of  Georgia. 
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Fig.  61.— Discharge  of  Etowah  River  at  Canton,  Georgia,  1898. 

OOSTANAULA  RIVER. 

Estimated  ynonthhj  discharge  of  Oostanaula  River  at  Resaca,  Georgia. 

[Drainage  area,  1,527  square  miles.] 


Month. 


1898. 
January  .. 
February  . 

March 

April 

May  

June 

July 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


15,  660 
2,720 

10,  600 

16,  320 
2,205 
2,860 
2,860 

August :     4,715 

September 19,  950 

October 22, 150 

November 5,  430 

December 4,110 


The  year 22, 150 


1,030 

1,085 

1,030 

2,170 

848 

616 

594 

1,030 

1,058 

976 

1,485 

1,615 


Mean. 


Total  in  acre- 
feet. 


594 


4,262 
1,487 
2,449 
4,909 
1,311 
1,124 
1,203 
2,084 
5,169 
5,362 
2,435 
2,258 


2,838 


262,  062 

82,  584 

150,  584 

292, 105 

80,  611 

66,  882 

73,  970 

128, 142 

307,  576 

329,  699 

144,  892 

138, 840 


Runoff. 


Depth  in 
inches. 


2,  057,  947 


3.22 
1.01 
1.84 
3.58 
0.99 
0.82 
0.91 
1.57 
3.77 
4.05 
1.77 
1.71 


Second- 
feet  per 
square 
mile. 


25.24 


2.79 
0.97 
1.60 
3.21 
0.86 
0.74 
0.79 
1.36 
3.38 
3.51 
1.59 
1.48 


1.86 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  52; 
measurements,  page  57 ;  rating  table,  page  58.  Results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  50,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  245. 
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Pig.  62.— Discharge  of  Oostanaula  River  at  Resaca,  Georgia,  1898. 


coos  A  WATTE  E   RIVER. 


Estimated  monthly  discharge  of  Coosawattee  Biver  at  Carters,  Georgia. 

[Drainage  area,  532  square  miles.] 


Month. 


1898. 
.Tauuary  ... 
February  . . 

IVIarch 

April 

IVlay 

June 

July 

August 

September  . 

October 

November.. 
December  .. 


Discharge  in  second- feet. 


Maxi- 
mum. 


Mini- 
mum. 


3,720 
771 

3,300 
5,314 
796 
771 
1,624 
4,154 
5,228 
8,070 
1,200 
1,031 


The  year 8,  070 


313 
423 
355 
722 
442 
313 
313 
541 
423 
499 
627 
541 


Mean. 


313 


898 

601 

687 

1,351 

566 

459 

491 

1,012 

1,109 

1,675 

823 

689 


Total  in  acre- 
feet. 


863 


55,  216 

33,  378 
42,  242 
80,  390 

34,  802 
27,  312 
30,  191 
62,  226 
65,  990 

102,  992 
48,  972 
42,  365 


Run -off. 


Second- 
Depth  in  I    feet  per 
inches.    !     square 
1       mile. 


1.95 
1.18 
1.49 
2.83 
1.22 
0.95 
1.06 
2.19 
2.32 
3.64 
1.73 
1.50 


636,  076 


22.06 


1.69 
1.13 
1.29 
2.54 
1.06 
0.86 
0.92 
1.90 
2.08 
3.15 
1.55 
1.30 


1.62 


Note.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  52; 
measurements,  page  57;  rating  table,  page  58;  results  for  1897  in  Water  Supply  and  Irrigation  Paper 
No.  15,  page  49,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  243. 
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Fig.  63. — Discharge  of  Coosawattee  River  at  Carters,  Georgia,  1898. 

TALLAPOOSA  RIVER. 

Tallapoosa  River  rises  in  western  Georgia,  near  the  Alabama  line, 
and  flows  to  the  sonthwest,  occupying  a  basin  intermediate  between 
the  Chattahoochee  River  and  the  Coosa  River  basins.  It  crosses  the 
^'fall  line"  at  Tallassee,  Alabama,  above  which  point  there  are  many 
shoals,  both  on  the  main  river  and  its  tributaries.  ]N'early  the  entire 
basin  is  in  the  crystalline  rocks,  this  being  a  gold  region  of  importance. 
It  is  a  continuation  of  the  Dahlonega  gold  belt,  which  runs  through 
Georgia  in  a  southwesterly  direction  and  extends  into  Alabama  to  the 
"fall  line"  or  southwestern  border  of  the  crystalline  rocks,  and  has  a 
great  width  on  the  Tallapoosa  watershed. 

There  are  no  developed  water  powers  of  any  considerable  magnitude 
except  that  at  Tallassee,  shown  in  PI.  XIII,  A.  Here  the  river  power 
has  been  used  for  extensive  manufacturing  since  1846.  The  Tallassee 
Falls  Manufacturing  Company,  in  addition  to  the  large  cotton  mills 
already  in  operation  on  the  west  side  of  the  river,  were  building  in 
1898-99  a  new  50,000-spindle  mill  on  the  east  side  of  the  river  and 
developing  60  feet  of  fall  by  a  new  dam  and  race  to  utilize  the  entire 
river.  The  following  is  a  description  of  the  improvements  nearing 
completion  at  the  end  of  1898: 

The  Tallassee  Falls  Manufacturing  Company  is  at  work  on  the  development  of  the 
entire  river  power  on  the  cast  side  of  the  river.  The  present  power  is  derived  from 
a  wing  dam  built  in  the  river  from  the  west  side,  which  is  about  600  feet  long;  how- 
ever, only  34  feet  of  the  52-foot  fall  have  been  utilized  for  these  old  works.  The  new 
works  consist  of  a  dam  about  20  feet  in  height,  reaching  from  the  head-gates  on  the 
east  side  of  the  river  to  a  point  on  the  wing  dam  spoken  of  400  feet  from  its  shore 
end.     This  will  raise  the  old  dam  10  feet  higher.     The  dam  has  a  width  of  6  feet  on 
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top  with  a  batter  of  0.3  foot  horizontal  to  1  foot  vertical  on  downstream  side  for  the 
upper  10  feet,  and  0.7  foot  horizontal  to  1  foot  vertical  below  the  bottom  of  this  10-foot 
section.  The  head-gates  consist  of  11  gates  7  feet  6  inches  high,  6  feet  6  inches  wide, 
with  semicircular  arch  and  piers  3  feet  thick  between  gates. 

The  canal  carrying  the  water  to  the  power  house  is  580  feet  long,  with  a  waterway 
100  feet  wide  by  6  feet  deep.  Its  boundary  on  the  east  side  is  the  natural  rock,  on 
the  west  side  a  retaining  wall,  which  at  some  places  had  to  be  built  30  feet  high. 
The  width  of  masonry  on  top  is  6  feet,  its  slope  toward  the  west  similar  to  that  of 
the  dam.  The  conduits  between  the  canal  and  the  wheels  are  to  consist  of  6  circular 
tubes  of  10  feet  diameter  and  one  of  8  feet  in  diameter.  The  distance  from  the  west 
line  of  the  power  house  to  the  inside  or  east  side  of  the  building  line  of  the  head  gates 
first  spoken  of  is  93  feet.  The  tailrace  is  designed  for  a  waterway  of  80  feet  by  9 
feet.  It  is  excavated  from  solid  rock  and  is  about  400  feet  in  length.  The  power  is 
conveyed  from  the  power  house  to  the  mill  in  a  semicircular  tunnel  16  feet  6  inches 
in  diameter  and  135  feet  long  by  means  of  two  10-iuch  shafts.  The  rope  drive 
is  on  the  northwest  corner  of  the  mill,  and  6  drums  will  convey  the  power  from  the 
two  shafts  to  the  shafting  of  the  mill.  The  main  mill  building  is  128  feet  broad  and 
448  feet  long;  it  has  4  stories  of  15  feet.     It  will  contain  over  50,000  spindles. 

A  short  distance  above  Tallassee  on  Tallapoosa  River  a  dam  has  been  begun  for 
the  development  of  power  for  electrical  transmission  to  Montgomery,  Alabama. 

Big  Sandy  Creek  is  a  large  tributary  of  the  Tallapoosa.  It  has  a  shoal  of  about 
50-feet  fall  near  Dadeville,  Alabama,  which  will  probably  be  developed  for  a  cotton 
factory  by  a  company  that  is  being  organized  for  that  purpose. 


Estimated  monthly  discharge  of  Tallapoosa  Biver  at  Milstead,  Alabama. 

[Drainage  area,  3,840  square  miles.] 


Month. 


1898. 

January 

February  

IMarch 

April 

]VIay . 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-l'eet. 


Maxi- 
mum. 


4,105 

2,265 

5,715 

21,  240 

2,610 

3,070 

5,485 

25,  610 

6,520 

36,  420 

16, 180 

11, 120 


36,  420 


Mini- 
mum. 


1,575 

1,690 

1,575  ' 

2,150 

885 

540 

885 

1,  920 

1,345 

1,115 

2,035 

3,530 


540 


Mean. 


2,426 
1,912 
2,313 
5,748 
1,493 
1,314 
2,4S3 
7,418 
2,637 
7,280 
6,049 
5,741 


3,902 


Total  in  acre- 
feet. 


149, 170 
106, 187 
142,  222 
342,  029 
91,  802 
78, 188 
153,  290 
456, 118 
156,  912 
447,  633 
359,  940 
353,  003 


2,  836,  494 


Run -off. 


Depth  in 
inches. 


0.72 

0.52 
0.69 
1.67 
0.45 
0.38 
0.75 
2.22 
0.77 
2.19 
1.76 
1.73 


13.85 


Second- 
feet  per 
square 
mile. 


0.63 
0.50 
0.60 
1.50 
0.39 
0.34 
0.65 
1.93 
0.69 
1.90 
1.58 
1.50 


1.02 


INoTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  ISTo.  27,  page  56; 
measurements,  page  57;  rating  table,  page  58 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  56,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  249. 
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Yia.  64. — Discharge  of  Tallapoosa  River  at  Milstead,  Alabama,  1898. 

A  view  of  Tallapoosa  Eiver  at  Tallassee  Falls,  looking  upstream,  is 
given  on  PI.  XIIT,  A.  On  PI.  XIII,  B^  is  shown  a  view  of  the  riveF 
at  Milstead,  Alabama,  6  miles  below  Tallassee  Falls.  The  view  is  from 
the  left  bank  below  the  bridge. 

BLACK   WARRIOR   RIVER. 

Estimated  monthly  discharge  of  Black  Warrior  River  at  Tuscaloosa,  Alabama. 

[Drainage  area,  4,900  square  miles.] 


Month. 


1898. 


January . . . 
February  . 

Marcli 

April  

May 

June 

July 

August-  ... 
September 

October 

November  . 
December  . 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

75,  000 

1,972 

16,  577 

12,  230 

1,752 

3,902 

17, 120 

1,370 

3,626 

55,  800 

4,295 

15,  620 

6,0C0 

370 

1,766 

710 

160 

303 

1,395 

250 

549 

7,600 

430 

1,785 

670 

140 

252 

2,444 

130 

880 

6,265 

280 

1,626 

14,  580 

1,045 

3,763 

75,  000 

130 

4,221 

Total  in  acre- 
feet. 


Run-off. 


1,  019,  287 
216,  706 
222,955 
929,452 

108,  589 
18,  030 
33,  757 

109,  756 
14,  995 
54, 109 
96,  754 

231,  379 

3,  055,  769 


Depth  in 
inches. 


3.90 
0.83 
0.85 
3.56 
0.41 
0.07 
0.13 
0.41 
0.06 
0.21 
0.37 
0.89 


11.69 


Second- 
feet  per 
square 
mile. 


3.38 
0.80 
0.74 
3.19 
0.36 
0.06 
0.11 
0.36 
0.05 
0.18 
0.33 
0.77 


0.86 


.  !N'OTE. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  56; 
rating  table,  page  58;  results  for  1897  in  AVater- Supply  and  Irrigation  Paper  No.  15,  page  57,  and  in 
the  Nineteenth  A.nnual  Report,  Part  IV,  i)age  250. 
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FlQ.  65 — Discharge  of  Black  "Warrior  River  at  Tuscaloosa,  Alabama,  1889-1898. 


OHIO  RIVER  DRAIISTAGE. 

Under  this  beading  are  included  such  data  as  have  been  obtainable 
concerning  the  streams  which  flow  into  the  Ohio  River.  Most  of  the 
systematic  measurements  have  been  made  in  West  Virginia  upon  head- 
waters of  Kanawha  River,  and  also  in  North  Carolina  and  Tennessee 
upon  tributaries  of  Tennessee  River,  but  a  few  facts  have  been  obtained 
concerning  streams  in  Ohio  and  Penrsylvania. 

ALLEGHENY  RIVER. 

A  survey  of  Allegheny  River  was  made  during  1897  by  Mr.  George 
M.  Lehman,  assistant  engineer,  under  the  direction  of  Maj.  Charles  F. 
Powell,  Corps  of  Engineers,  U.  S.  A.  Two  discharge  measurements 
were  made  by  means  of  surface  and  deep  floats,  as  noted  below,  the 
first  at  Franklin,  showing  a  flow  of  1,000  second- feet,  and  the  second 
at  a  point  20  miles  below  that  town,  giving  a  discharge  of  1,250  second- 
feet.  French  Creek  was  measured  just  above  its  mouth  at  about  the 
same  time.  The  Allegheny  was  at  a  stage  of  0.5  feet  above  low  water, 
and  French  Creek  was  i)robably  at  a  slightly  lower  stage.  The  Alle- 
gheny diflers  from  most  streams  in  having  a  solid  bottom  of  compact 
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gravel  ranging  from  the  size  of  a  cherry  to  that  of  a  cobblestone,  the 
spaces  being  filled  by  sand.  The  banks  are  generally  of  clay,  sand,  and 
gravel,  with  height  of  about  20  feet  above  low  water,  affording  excel- 
lent opportunities  for  current  meter  measurements. 

A  view  of  the  junction  of  the  Allegheny  and  Monongahela  is  given  on 
PL  XIV,  showing  the  bridge  across  the  mouth  of  the  latter  and  in  the 
foreground  a  tow  of  coal  barges  in  the  pool  just  below  Pittsburg,  wait- 
ing for  a  rise  in  the  river  in  order  to  go  downstream  to  lower  river 
points.  The  long  i^eriods  of  drought  and  low  water  seriously  impede 
the  commerce  on  the  Ohio,  especially  in  its  upper  course. 

Mr.  Thomas  P.  Eoberts  states  that  in  October,  1838,  Lieutenant  San- 
ders, United  States  topographical  engineer,  measured  the  Allegheny 
Eiver  at  Pittsburg  and  reported  its  discharge  to  be  1,330  cubic  feet  per 
second.  This  was  a  season  of  remarkable  drought,  and  for  the  valley 
in  general  has  been  equaled  only  in  1895.  A  somewhat  smaller  dis- 
charge has  been  rei:)orted  in  recent  years,  the  authority  for  which  Mr. 
Eoberts  can  not  give,  the  figures  being  about  1,260  cubic  feet.  There 
are  no  reliable  records  of  any  gagings  of  the  Allegheny  Eiver  at  Pitts- 
burg made  since  1838. 

During  the  years  1SG6  to  1870,  when  Mr.  Eoberts  was  engaged  on  the 
imx)rovement  of  the  Ohio  Eiver,  he  several  times  gaged  the  discharge 
of  the  Ohio  Eiver  with  considerable  care.  At  Brunots  Island,  about  2 J 
miles  below  the  junction  of  the  Allegheny  and  Monongahela  rivers,  the 
least  discharge  found  was  about  1,700  cubic  feet  per  second,  at  which 
time  the  channel  depth  of  the  Ohio  for  purposes  of  navigation  was 
between  12  and  14  inches.  In  more  recent  years  a  somewhat  less  dis- 
charge has  been  found  in  the  Ohio  at  Davis  Island  dam,  5  miles  below 
Pittsburg.  In  1895  he  estimated  the  discharge  of  the  Monongahela 
Eiver  at  Pittsburg  to  be  170  cubic  feet  per  second — making  approxi- 
mately one-tenth  of  the  discharge  of  the  Ohio — the  difference  in  dis- 
charge at  low  water  j)er  unit  of  area  of  basin  of  the  Allegheny  Eiver 
and  Monongahela  being  very  striking.  The  area  of  the  basin  of  the 
Monongahela  is  about  7,200  square  miles,  and  that  of  the  Allegheny 
11,400  square  miles. 

In  the  report  to  Colonel  Merrill  on  surveys  of  the  Allegheny  Eiver  in 
1878,  Mr.  Eoberts  stated  his  belief  that  from  the  fact  that  so  many  of 
the  tributaries  below  French  Creek  were  either  dried  up  or  nearly  dried 
up  he  doubted  whether  much  more  water  passed  Pittsburg  than  could 
be  found  at  Franklin  below  the  mouth  of  French  Creek.  He  found  the 
Clarion  discharging  18  cubic  feet  per  second,  and  the  Kiskiminitas 
approximately  83  cubic  feet  per  second. 

In  the  dry  season  of  1838,  Mr.  Thomas  Stewart,  a  canal  engineer  of 
that  period,  gaged  the  Monongahela  at  Brownsville,  55  miles  above 
Pittsburg,  and  below  a  drainage  of  about  4,800  square  miles,  and 
reported  a  discharge  of  only  23  cubic  feet  per  second.  Mr.  W.  Milnor 
Eoberts,  chief  engineer  of  the  Monongahela  Navigation  Company,  then 
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engaged  on  surveys  of  the  river,  bad  a  few  weeks  before  also  gaged  the 
river  at  Brownsville  and  reported  the  discharge  at  25  cubic  feet  per 
second.  This  very  small  discharge  of  the  Monongahela  at  Brownsville 
is  believed  by  Mr.  Thomas  P.  Koberts,  from  the  appearance  of  the  upper 
tributaries,  to  have  been  equaled  in  the  fall  of  1895.  Fortunately  such 
phenomenally  low  water  is  of  rare  occurrence,  otherwise  navigation 
would  be  interfered  with  materially.  Since  the  dams  have  been  built 
in  the  Monongahela  it  is  impossible  to  gage  the  minimum  discharge  of 
the  river  very  accurately.  The  mean  velocity  of  current  in  the  lower 
pools  is  not  much  more  than  1  foot  per  minute,  which  velocity  Mr.  Eob- 
erts  determined  by  noting  the  progress  from  day  to  day  of  patches, 
sometimes  acres  in  extent,  of  discolored  water,  the  distance  traversed, 
depth,  and  shape  of  the  river  bed  furnishing  the  elements  for  calcula- 
ting the  discharge.  Leaka^fe  at  the  dams  and  about  the  lock  gates  ren- 
ders measurements  at  such  points  very  uncertain  when  dealing  with 
such  small  discharges.  Some  of  the  dams  are  over  900  feet  in  length. 
The  Youghiogheuy  River,  basin  1,775  square  miles,  aided  possibly  by 
large  springs  in  the  bed  of  the  river  in  pools  Nos.  1  and  2,  is  the  cause 
of  the  increase  in  discharge  from  25  cubic  feet  at  Brownsville  to  170 
cubic  feet  per  second  at  Pittsburg.  The  minor  tributaries  of  the  Mo- 
nongahela and  Ohio,  those  entering  from  the  west  on  the  Monongahela 
and  from  the  south  on  the  Ohio,  as  a  rule,  become  dry.  This  holds  for 
creeks  of  200  square  miles  drainage  in  seasons  of  great  drought.  The 
conditions  reported  by  Captain  Chittenden  ^  in  the  Muskingum  Yalley, 
Ohio,  in  1895,  prevailed  in  western  Pennsylvania  south  of  the  terminal 
moraine,  or  glacial  drift  limits. 

MAHONINa   RIVER   AND   FRENCH   CREEK. 

In  a  report  on  the  Lake  Erie  and  Ohio  River  Ship  Canal,  i^repared 
by  the  provisional  committee  of  the  Chamber  of  Commerce  of  Pitts- 
burg, Pennsylvania,  and  printed  in  1897,  are,  on  pages  101  and  143, 
references  to  measurements  of  Mahoning  River  and  French  Creek. 
Daily  gage  readings  at  one  station  each  on  these  streams  were  main- 
tained from  about  March  15  to  the  end  of  August,  1895.  These  stations 
were  on  the  Upper  Mahoning  at  Newton  Falls,  Ohio,  and  on  French 
Creek  at  Saegerstown,  Pennsylvania.  It  was  difficult  to  obtain  an  accu- 
rate computation  of  the  flow  of  French  Creek,  on  account  of  the  number 
of  mills  along  the  stream,  most  of  which  closed  down  at  night,  ponding 
the  water.  Nothing  was  done  with  the  daily  reports,  but  on  every 
occasion  that  Mr.  Thomas  P.  Roberts  or  Mr.  George  M.  Lehman  visited 
French  Creek  at  the  Bemus  dam  a  gaging  was  made.  Several  of  these 
measurements  were  made  after  the  daily  reports  were  discontinued  and 
at  times  when  the  discharge  was  less  than  that  i^rior  to  September  1. 

'Annual  report  of  the  Chief  of  Engineers,  U.  S.  Army,  1896,  pp.  2973  to  3091.  Survey  of  canal  con. 
necting  the  waters  of  Lake  Erie  with  the  Ohio  River  through  the  State  of  Ohio.  Report  by  Capt. 
Hiram  M.  Chittenden. 
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The  least  recorded  measurement  on  French  Creek,  at  Meadville,  below 
the  Bemus  dam,  was  about  250  cubic  feet  per  second.  Mr.  Lehman 
reported  to  MaJ.  Charles  F.  Powell,  United  States  engineer,  a  measure- 
ment made  of  the  discharge  of  French  Creek  at  its  mouth  in  September, 
1897,  of  230  cubic  feet  per  second,  and  of  the  Allegheny  River,  just 
below  the  mouth  of  French  Creek,  on  the  same  date,  of  1,250  cubic  feet 
per  second.  The  discharge  of  the  Allegheny  at  the  same  place  of  1,500 
cubic  feet  per  second,  referred  to  in  the  canal  report,  was  from  a  meas- 
urement made  by  Mr.  Thomas  P.  Roberts  in  1878  or  1879,  while  he  was 
assistant  engineer  under  Col.  William  E.  Merrill. 

Mr.  Roberts  states  that  the  gagings  of  French  Creek  and  of  the 
Allegheny  River,  just  below  the  mouth  of  French  Creek,  made  in  Sep- 
tember, 1897,  by  Mr.  Lehman,  represent  very  low  water  conditions,  the 
lowest  known  for  French  Creek,  and  probably  very  near  the  minimum 
at  that  point  for  the  Allegheny.  Such  small  discharges  are  to  be  wit- 
nessed only  in  the  fall  of  the  year  after  an  unusually  protracted  season 
of  drought.  It  is  interesting  to  note  in  the  case  of  the  Allegheny  that 
its  tributaries  below  the  mouth  of  French  Creek  contribute  in  dry 
periods  only  a  small  amount  of  water,  doing  little  more  than  supplying 
losses  due  to  evaporation.  The  area  of  the  entire  watershed  of  the 
Allegheny  River,  as  recently  determined  from  the  best  maps  available, 
is  11,400  square  miles.  The  area  of  its  principal  tributary  basins  from 
French  Creek  to  Pittsburg — 123  miles — is  as  follows:  French  Creek, 
1,180;  Clarion  River,  1,175;  Red  Bank  Creek,  526;  Mahoning  River, 
397;  Kiskiminitas  River,  1,846  square  miles.  The  watershed  of  the 
Allegheny  above  the  mouth  of  French  Creek  is  5,950  square  miles. 

As  jDointed  out  by  Mr.  Roberts  there  is  in  this  valley  a  marked 
difference  in  the  low-water  discharges  of  the  streams  originating  in 
glacial  drift  areas,  especially  where  the  drift  is  deep,  these  being  much 
more  equable  in  flow,  and  in  times  of  drought  more  persistent  in  dis- 
charge than  those  tributaries  which  drain  subglacial  areas.  French 
Creek  alone  in  such  periods  discharges  considerably  more  water  than 
all  the  other  streams  below  combined. 

Later  measurements  of  Mahoning  River  ^  have  been  made  by  Prof. 
0.  jST.  Brown,  these  being  at  Alliance,  Warren,  and  Youngstown.  The 
measurements  at  Alliance,  where  the  drainage  area  is  82  square  miles, 
gave  on  August  18, 1897,  a  discharge  of  16  second-feet,  and  on  Septem- 
ber 26  and  October  10  a  little  over  2  second-feet.  Measurements  at 
Warren,  where  the  drainage  area  is  596  square  miles,  were  considered 
unsatisfactory  because  of  the  many  milldams  on  the  river  above  the 
town  modifying  the  flow.  The  discharge  at  Youngstown,  where  the 
drainage  area  is  967  square  miles,  was  also  much  affected  by  the 
milldams. 

'Preliminary  Report  on  an  Investigation  of  Rivers  and  Deep  Ground  Waters  of  Ohio  as  Sources  of 
Public  Water  Supplies,  by  the  Ohio  State  Board  of  Health,  1897-1898. 
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YOUGHIOGHENY  RIVER. 

Toughiogheny  River  rises  in  the  extreme  western  portion  of  Mary- 
land and  flows  northerly  across  the  State  line  into  Pennsylvania,  where 
it  meets  Laurel  Hill  Creek  and  Castleman  Eiver  at  the  point  known  as 
Confluence.  From  here  it  flows  northwesterly,  entering  Monongahela 
Eiver  a  short  distance  above  the  city  of  Pittsburg.  The  flow  of  the 
upper  portion  of  the  stream  has  been  measured  at  Friendsville,  about 
5  miles  south  of  the  Pennsylvania  line  and  18  miles  above  Confluence. 
The  station  at  Friendsville,  on  Youghiogheny  River,  is  described  in 
Water- Supply  and  Irrigation  Paper  No.  27,  page  59 ;  gage  heights  are 
given  on  page  61  and  measurements  on  page  60. 

KANAWHA  RIVER. 


PRECIPITATION  IN  THE  BASIN  OF  KANAWHA  RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
Kanawha  Eiver  are  at  Marion,  Wytheville,  Bluefleld,  Marlinton,  White 
Sulphur  Springs,  Hinton,  and  Nuttallburg.  The  relative  location  of 
these  i)oints  is  shown  on  fig.  66,  in  connection  with  the  points  of  river 
measurement  which  are  at  Alderson  and  Fayette. 

The  following  table  gives  the  names  and  locations  of  the  stations,  the 
elevations,  and  the  number  of  years  during  which  the  observations  have 
been  made,  or,  rather,  the  number  of  complete  monthly  observations 
used  in  computing  the  normals : 

Location  of  rainfall  stations. 


Station. 

County. 

state. 

Latitude. 

Longi- 
tude. 

Eleva- 
tion. 

Length  of 
record. 

Marion 

Smyth 

Wythe 

Virginia 

.„..do 

0            1 

36  50 

36  55 

37  16 

38  13 
37  50 

37  40 

38  03 

o          / 

81  30 
81  02 
81  13 

80  06 
80  25 

80  52 

81  03 

Feet. 
2,124 
2,235 
2,563 

2,000 
1,372 

Years. 

16-17 

29-32 

3-6 

2-5 
10-14 

8-10 
4-5 

Wytheville 

Bluefield 

Marlinton 

White  Sulphur 
Springs. 

Hinton 

Mercer 

Pocahontas  . 
Greenbrier  . . 

West    Vir- 
ginia. 

do 

do 

Summers 

do 

Nuttallburg 

Fayette 

do 
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In  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation^  by  months, 


Scale  of  miles 

lO  20  40  40  so 


^^//^$tofo/7 


Fig.  66. — Relative  location  of  river  and  rainfall  observations  in  basin  of  Kanawha  River. 

for  the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made: 
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Rainfall  at  stations  in  drainage  basin  of  Kanaivha  River. 

MARION. 


Year. 


Normal 
1896.... 
1897...- 
1898.... 

Normal 
1896.... 
1897.... 
1898.... 

Normal 
1896.... 
1897.... 
1898.... 

Normal 
1896.... 

1897 

1898.... 


Jan. 

Feb. 

1 

Mar. 

Apr. 

May. 

June. 

5.00 

July. 

Aug. 

Sept. 
2.60 

Oct. 
2.50 

Nov. 

Dec. 

3.20 

4.10 

4.10 

3.50 

4.20 

4.00 

3.80 

2.40 

2.90 

aZ.  20 

2.60 

8.00 

1.50 

3.20 

6.54 

4.40 

4.76 

a2.60 

0.50 

5.60 

2.10 

2.40 

9.71 

7.46 

1.57 

3.56 

5.83 

4.97 

4.63 

1.35 

1.50 

1.55 

4.08 

4.26 

0.95 

a4.10 

2.08 

5.63 

4.10 

6.03 

7.15 

3.50 

5.43 

2.30 

2.40 

Annual. 

42.30 
45.00 
48.61 
47.93 


WYTHEVILLE. 


3.30 
1.76 
1.43 
3.30 


3.50 
3.66 
9.37 
0.65 


3.50 
5.44 
4.69 
4.15 


3.30 
1.30 
1.72 
2.19 


3.70 
2.76 
3.26 
4.41 


4.00 
7.15 
1.98 
2.17 


4.00 


3.72 
5.63 


4.00 
4.22 
4.13 
5.61 


3.60 


0,92 
6.40 


3.00 


2.08 
5.38 


2.60 


1.26 
1.81 


2.80 


4.13 
2.48 


41.80 


BLUEFIELD. 


39.69 

44.18 


2.61 

4.20 

3.92 

3.28 

4.75 

4.52 

5.51 

4.91 

2.75 

2, 35 

2.66 

2.37 

1.36 

2.62 

6.38 

2.15 

2.18 

Cf4.52 

a5.51 

5.69 

5.28 

1.39 

4.58 

1.40 

1.78 

6.28 

4.74 

1.58 

4.43 

4.39 

6.78 

2.34 

0.62 

0.65 

1.42 

3.50 

2.96 

0.98 

3.53 

6.42 

6.15 

3.15 

6.36 

3.02 

2.25 

MARLINTON. 


WHITE  SULPHUR  SPRINGS. 


43.83 
43.06 
38.51 


1.81 

4.61 

3.44 

2.81 

4.42 

4.45 

6.72 

3.01 

2.64 

2.21 

2.93 

2.94 

1.45 

5.26 

6.99 

1.82 

3.74 

3.71 

7.80 

3.28 

4.48 

1.22 

4.93 

1.08 

2.17 

5.88 

5.21 

2.85 

7.06 

5.59 

5.65 

2.74 

0.80 

0.95 

4.08 

4.64 

5.61 

1.47 

5.23 

4.32 

5.27 

7.50 

6.76 

9.15 

3.33 

4.54 

3.85 

3.71 

41.99 
45.76 
47.62 
60.74 


Normal , 

1896 

1897 

1898 


Normal 

1896 

1897 

1898 


2.20 


3.60     3.90 


0.90 


7.07     4.91 


4.03 


I 


3.00 
2.76 
1.77 
3.07 


4.00 
2.13 
6.80 
4.56 


3.80 
5.08 
6.55 


4.00 
5.30 
6.59 


2  90 
3.80 
5.93 


2.40 
5.15 
0.45 
1.86 


2.30 
0.90 


5.70 


3.10 
5.07 


3.00 


HINTON. 


2.33 

3.62 

3.10 

3.22 

4.22 

3.99 

3.63 

2.71 

2.59 

1.74 

1.99 

2.41 

0.92 

3.16 

5.46 

2.64 

3.97 

5.87 

4.35 

2.08 

3.91 

1.03 

3.79 

1.55 

1.55 

7.08 

4.59 

2.03 

3.56 

3.42 

5.03 

2.55 

0.34 

0.76 

1.00 

3.76 

3.31 

0.91 

4.15 

2.30 

4.44 

2.80 

5.34 

8.45 

2.90 

4.58 

2.32 

1.94 

38.20 


35.55 
38.73 
35.67 
43.44 


Normal 

1896 

1897 

1898 


Normal 

1896 

1897.... 
1898.... 


NUTTALLBURG. 


2.37 
1.80 
1.50 


4.25 
4.65 
6.80 


4.57 
6.00 
4.60 
4.25 


4.15 
2.60 
2.00 


3.59 
2.30 
4.05 


4.10 
7.40 
4.15 
3.10 


3.98 
4.30 
8.20 
6.80 


3.24 
3.40 

1.85 
4.85 


2.66 
3.75 
0.80 
2.50 


2.77 

2.60 

02.77 


2.80 

3.50 

a2.80 

2.10 


2.76 
0.80 
4.65 


AVERAGES. 


2.55 

3.98 

3.79 

3.32 

4.  13 

4.27 

4.55 

3.51 

2.75 

2.41 

2.64 

2.74 

1.75 

3.66 

6.38 

2.11 

2.90 

5  75 

5.28 

3.89 

4.20 

1.27 

4.58 

1.39 

1.68 

7.46 

5.17 

1.93 

4.68 

4.56 

5.85 

3.45 

0.75 

1.45 

2.02 

4.13 

3.89 

0.99 

4.21 

2.79 

4.05 

3.93 

6.16 

6.89 

3.38 

5.33 

2.57 

2.56 

41.24 
43.10 
44.17 


40.64 
43.16 
43.13 
46.75 


a  Estimated. 
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Depth  of  rnn-offf  in  inches,  from  Kanawha  drainage  haain. 
GREENBRIER  AT  ALDERSON. 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1895 

0.23 
0.92 
0.41 
3.62 

0.13 
0.39 
0.08 
0.21 

0.06 
0.91 
0.08 
1.58 

0.12 
2.01 
0.19 
1.99 

0.41 
1.21 
1.09 
1.87 

18.11 
20.12 
24.47 

1896 

0.90 
0.77 
3.06 

2.38 
6.00 
1.57 

3.05 
3.56 
3.12 

2.26 
1.82 
3.30 

1.31 
3.43 
3.00 

0.74 
0.87 
0.59 

2.03 
1.82 
0.56 

1897 

1898 

Average . 

1.58 

3.32 

3.24 

2.46 

2.58 

0.73 

1.47 

1.30 

0.20 

0.66 

1.08 

1.15 

19.77 

NEW  AT  FAYETTE. 

1895 

0.78 
0.74 
0.60 
2.35 

0.53 
0.50 
0.28 
0.98 

0.47 
0.94 
0.38 
2.04 

0.50 
1.48 
0.32 
1. 22 

0.81 
0.93 
0.61 
1.49 

18.46 
18.42 
18.47 

1896 

1.01 
0.76 
1.67 

2.01 
4.65 
0.85 

3.17 
4.10 
1.95 

3.05 
1.91 
2.41 

1.18 
2.29 
2.14 

1.04 
1.08 
0.74 

0.95 

2.41 
1.44 
0.63 

1.49 

1897 

1898 

Average . 

1.15 

2.50 

3.07 

2.46 

1.87 

1.12 

0.57 

0.96 

0.88 

0.96 

17.98 

Annual  rainfall  and  run-off  from  Kanaioha,  drainage  hasin. 


Station. 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Marion 

Inches. 
42.30 
41.80 
43.83 
41.99 
38.20 
35.55 
41.24 

Inches. 
45.00 

Inches. 
48.61 
39.69 
38.51 
47.62 

Inches. 
47.93 
44.18 

Wvtheville.         

Bluefield 

43.06 
45.76 

Marlinton 

60.74 

White  SulDhur  SBriners 

Hinton 

38.73 
43.10 

35.67 
44.17 

43.44 

Nuttallburir 

Average 

40.70 

43.13 

42.38 

49.07 

RUN-OFF. 

Greenbrier 

19.77 

* 

17.98 

18.11 
18.46 

20.12 
18.42 

24.47 

18.47 

New 

Average 

18.88 

18.29 

19.27 

21.47 

Percentage  of  rainfall 

46.39 

42.41 

45.47 

43.75 

NEW  RIVER. 


Eadford  station  on  ]N"ew  River  is  described  in  Water-Supply  and 
Irrigation  Paper  ISIo.  27,  page  59;  gage  heights  are  given  on  page  61, 
and  measurements  on  page  65. 
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Estimated  monthly  discharge  of  New  River  at  Fayette,  West  Virginia. 

[Drainage  area,  6,200  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January 20,920 

February 10,362 

March 48,944 

April 40,376 

IMay I  38,601 

June I  15,110 

July I     8,122 

August I  53,585 


18,  700 
61,  080 
15, 110 
December 17,  600 


September , 
October  ... 
November  . 


The  year 


61,  080 


Mini- 
mum. 


2,895 
2,180 
3,500 
6,218 
4,000 
1,970 
1,850 
3,312 
2,010 
2,530 
3,375 
4,450 


Mean. 


9,002 
5,061 

10,  494 
13,  369 

11,  493 
4,137 
3,412 

12,  665 
5,485 

10,  981 
6,741 
7,975 


Total  in  acre- 
feet. 


Run -off. 


Depth  in 
inches. 


1,850 


8,401 


553,  514 
281,  074 
645,  251 
795,  510 
706,  672 
246, 168 
209,  797 
778,  746 
326,  379 
675, 810 
401, 116 
490,  367 


6, 110,  404 


1.67 
0.85 
1.95 
2.41 
2.14 
0.74 
0.63 
2.35 
0.98 
2.04 
1.22 
1.49 


18.47 


Second- 
feet  per 
square 
mile. 


1.45 
0.82 
1.69 
2.16 
1.86 
0.67 
0.55 
2.04 
0.88 
1.77 
1.09 
1.29 


1.36 


KOTE. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  "^o.  27,  page  62; 
measurements,  page  65;  results  for  1897  in  Water-Supply  and  Irrigation  Taper  No.  15,  page  59,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  pages  255  to  256. 


Sec.  ft. 
65, 000 

60, 000 
55, 000 
50, 000 
45,  000 
40, 000 
35, 000 
30, 000 
25,  000 
20, 000 
15, 000 
10, 000 
5.000 
0 


JAN.         FEB.      MARCH     APRIL       MAY        JUNE       JULY        AUG.       SEPT.       OCT.        NOV.         DEC. 
10  20       10  20       10  20       10  20       10  20       10  20       10  20       10  20       10  20       10  20       10  20       10  20 

' 

1 

_^ ,     h t 

.... ,t .  t L  i^_  ___^_  1 

_.  ii iiL t  t Ll.  ]_ .__  a. . 
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Fig.  67.— Discharge  of  New  River  at  Fayette,  "West  Virginia,  1898. 


V 


204 


PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


aREENBRIER   RIVER. 

Estimated  monthly  discharge  of  Greenbrier  River  at  Alderson,  West  Virginia. 

[Drainage  area,  1,344  square  miles.] 


Month. 


1898. 

January 

February  . 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November  . 
December  . 


Discharge  in  second-feet. 


Maxi- 
mum. 


15,  100 
5,790 
15,  430 
12,  800 
15,  770 


Mini- 
mum. 


The  year 


1,  275 

3,000 

48,  700 

450 

21,  950 

9,950 

8,600 

48,  700 

540 

700 

1,030 

1,530 

1,030 

370 

210 

370 

180 

155 

760 

590 

155 


Mean. 


3,  567 

2,030 

3,633 

3,979 

3,492 

711 

662 

4,216 

258 

1,846 

2,397 

2,179 


2,414 


Total  in  acre- 
feet. 


219,  328 

112,  740 
223,  376 
236,  767 
214,  716 

42,  307 

40,  705 

259,  233 

15,  352 

113,  506 
142,  631 
133,  982 


Run -off. 


Depth  in 
Inches. 


1,  754,  643 


3.06 
1.57 
3.12 
3.30 
3.00 
0.59 
0.56 
3.62 
0.21 
1.58 
1.99 
1.87 


Second- 

feet  per 

square 

mile. 


24.47 


2.65 
1.51 
2.70 
2.96 
2.60 
0.53 
0.49 
3.14 
0.19 
1.37 
1.78 
1.62 


1.80 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  61; 
measurements,  page  65;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No.  15,  page  58,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  pages  253  to  254. 
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JFiG.  68.— Discharge  of  Greenhrier  River  at  Alderson,  West  Virginia,  1898. 
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TENNESSEE  RIVER  BASIN. 

FRENCH   BROAD   RIVER. 

Estimated  monthly  discharge  of  French  Broad  River  at  Asheville,  North  Carolina. 

[Drainage  area,  987  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


8,230 
1,430 
3,930 
2,530 
1,930 
2,430 
4,930 
5,180 
4,530 
6,030 
1,530 
3,430 


6,030 


Mini- 
mum. 


801 

801 

745 

903 

782 

715 

675 

1,630 

1,330 

1,230 

930 

875 


675 


Mean. 


1,345 
968 
1,051 
1,575 
1,036 
1,020 
2,051 
2,911 
2,330 
2,982 
1,197 
1,693 


1,680 


Total  in  acre - 
feet. 


82,  701 

53,  760 

64,  624 

93,  719 

63,  702 

60,  694 

126, 112 

178,  992 

138, 644 

183,  357 

71,  226 

104,  099 


1,  221,  630 


Run-oflf. 


Depth  in 
inches. 


1.57 
1.02 
1.23 
1.79 
1.21 
1.15 
2.40 
3.40 
2.63 
3.48 
1.35 
1.98 


23.21 


Second- 
feet  per 
square 
mile. 


1.36 

0.98 
1.07 
1.60 
1.05 
1.03 
2.08 
2.95 
2.36 
3.02 
1.21 
1.72 


1.70 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  62; 
measurements,  page  65;  rating  table,  page  66;  results  for  1897  in  "Water-Supply  and  Irrigation  Pape? 
No.  15,  page  60,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  257  to  259. , 
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Fig.  69.— Discharge  of  French  Broad  River  at  Asheville,  North  Carolina,  1895-1898. 
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PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


TUCKASEGEE   RIVER. 

Estimated  monthly  discharge  of  Tuckasegee  River  at  Bryson,  North  Carolina. 

[Drainage  area,  662  square  miles.] 


Montli. 


1898. 

January. 

February  .. 
March 


June 

July 

August. 

September 
October  . . . 
November  . 
December  . 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum, 

Mean. 

8,425 

400 

1,910 

1,325 

602 

893 

17,  775 

535 

1,939 

3,  425 

1,475 

2,107 

1,  550 

810 

1,155 

1,400 

467 

672 

2,200 

535 

1,149 

22,  650 

1, 175 

3,373 

26,  050 

1,100 

3,876 

21,  750 

1,100 

3,826 

2,  375 

1,250 

1,763 

3,075 

950 

1,838 

26,  050 

400 

2,042 

Total  in  acre- 
feet. 


117,  442 

49,  595 

119,  225 

125,  375 

71,  019 

39,  987 

70,  650 

207,  399 

230,  638 

235,  253 

104,  906 

113,  015 


1,  484,  504 


Run -off. 


Depth  in 
inches. 


3.32 
1.41 
3.38 
3.55 
2.01 
1.13 
2.01 
5.87 
6.72 
6.66 
2.97 
3.21 


42.24 


Second - 

feet  per 

square 

mile. 


2.88 
1.35 
2.93 
3.18 
1.74 
1.01 
1.74 
5.09 
5.86 
5.78 
2.66 
2.78 


3.08 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  63; 
measurements,  page  65;  rating  table,  page  66;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  61. 
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Fig.  70. — Discharge  of  Tuckasegee  River  at  Bryson,  North  Carolina,  1898. 
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LITTLE   TENNESSEE   RIYER. 

Estimated  monthly  discharge  of  Little  Tennessee  Biver  at  Judson^  North  Carolina. 

[Drainage  area,  675  square  miles.] 


Month. 


1897. 

January 

February  

IMarch 

April 

IVIay 

June 

July 

August 

September 

October  

November 

December 

The  year 

1898. 

January  

February 

IVIarch 

April 

IVIav 

June 

July 

August 

September  . . . . 

October  

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


4,160 

14, 475 

16,  950 

11,  938 

4,970 

4,160 

4,970 

2,650 

925 

3,770 

1,515 

3,770 


16,  950 


5,830 

1,515 

12,  338 

6,290 

3,113 

805 

8,770 

22,  600 

30,  350 

38, 100 

3,770 

4,550 


38, 100 


Mini- 
mum. 


1,670 

1,825 

1,907 

1,282 

1,360 

925 

1,515 

755 

407 

407 

610 

567 


407 


705 

370 

370 

1,060 

335 

300 

275 

1,592 

1,670 

1,747 

2,405 

1,825 


275 


Mean. 


2,393 

4,631 

7,689 

4,403 

2,  444 

2,000 

2,379 

1,676 

724 

832 

767 

1,542 


2,623 


1,570 

799 
1,796 
2,416 
1,885 

564 
1,246 
5,836 
4,518 
5,812 
2,847 
2,190 


2,623 


Eui 

Total  in  acre- 
feet. 

Depth  in 
inches. 

147, 141 

4.09 

257, 193 

7.14 

472,  781 

13. 13 

261,  997 

7.27 

150,  277 

4.17 

119,  008 

3.30 

146,  280 

4.06 

103,  054 

2.86 

43,  081 

1.19 

51, 158 

1.42 

45,  640 

1.27 

94,  814 

2.63 

1, 892,  424 

52.53 

96,  536 

2.69 

44,  374 

1.53 

110,  432 

2.97 

143,  762 

3.99 

115,  905 

3.22 

33,  560 

0.93 

76,  614 

2.13 

358,  844 

9.97 

268,  839 

7.46 

357,  368 

9.93 

169,  408 

4.70 

134,  659 

3.74 

1,  910,  301 

53.26 

Second- 
feet  per 
square 
mile. 


3.55 
6.86 
11.39 
6.52 
3.62 
2.96 
3.52 
2.48 
L07 
1.23 
1.14 
2.28' 


3.89 


2.33 
1.18 
2.66 
3.58 
2.79 
0.84 
1.85 
8.65 
6.69 
8.61 
4.21 
3,24 


3.89 


ISTOTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  N"o.  27,  page  63; 
measurements,  page  65;  rating  table,  page  66;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  62. 
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12,  000 

11,  000 

10,  000 

9,000 

8,000 
7,000 


JAN.         FE 
10  20       10 

[B.       MARCH     APRIL 
20       10  20       10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

J 

1 

Ml 

97 

1 

1 

1 

1 

1 

H 

II 

r 

. 

III 

•r    ' 

11 

,. 

1 

1 

V 

1 

ll 

L 

J 

L 

i 

1 

■      f  '1  ^ 

^r 

^    '^^ 

'1 

ll 

L 

i 

ill 

, 

1 

'^'^mm  n  n 

^IFf 'f 

' 

7,000 
6,000 


/dS/6 


"V  rn 


WTM 


r  "i? 


r  'Hill 


Fig.  71 — DisclicYge  of  Little  Tennessee  River  at  Judson,  North  Carolina,  1897-1898. 

HIWASSEE   RIVER. 

Hiwassee  River,  ISTottely  River,  and  Toccoa  River  (known  in  Ten- 
nessee as  the  Okoee)  are  mountain  tributaries  in  Georgia,  l^orth  Caro- 
lina, and  Tennessee,  having  a  great  number  of  excellent  shoals  in  close 
proximity  to  the  Atlanta,  Knoxville  and  Northern  Railway  that  are 
capable  of  easy  development.  It  is  proposed  to  establish  additional 
stations  on  these  streams  during  the  year  1899,  and  discharge  measure- 
ments will  be  made  at  Weather  Bureau  stations  on  other  branches  of 
Tennessee  River. 

A  view  of  Hiwassee  River  at  the  Atlanta,  Knoxville  and  ^N'orthern 
Railway  near  Reliance,  Tennessee,  is  shown  on  PL  XY,  A.     The  view 
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is  looking  from  the  left  bauk  above  the  bridge.  Ou  PI.  XY,  jB,  is 
a  view  of  Tennessee  Kiver  at  Chattanooga,  Tennessee.  The  view  is 
taken  below  the  Hamilton  County  bridge  from  the  left  bank. 

Estimated  monthly  discharge  of  Hiwassee  River  at  Murphy,  North  Carolina. 

[Drainage  area,  410  square  miles.] 


Month. 


1898. 
January  . .. 
February  .. 

March 

April 

May 

June 

July 

August 


September 
October  . . . 
November. 
December  . 


The  year 


Discharge  in  second  feet. 

Maxi- 
mum. 

Mini- 
miuii, 

Mean. 

2,870 

400 

920 

720 

450 

542 

6,220 

450 

889 

3,870 

770 

1,287 

920 

400 

612 

640 

332 

403 

1,320 

315 

635 

\     5, 120 

720 

1,691 

9,070 

570 

1,878 

9,520 

640 

1,924 

1,820 

820 

1,117 

1,220 

820 

980 

9,520 

315 

.    1,073 

Rur 

Total  in  acre- 
feet. 

Depth  in 
inches. 

56,  569 

2.58 

30,110 

1.37 

.54,  663 

2.50 

76,  582 

3.50 

37,  631 

1.72 

23,  980 

1.09 

39,  045 

1.79 

103,  976 

4.75 

111,  749 

5.11 

118,  303 

5.41 

m,  466 

3.02 

60,  258 

2.76 

779, 332 

35.60 

Second - 

feet  per 

square 

mile. 


2.24 
1.32 
2.17 
3.14 
1.49 
0.98 
1.55 
4.12 
4.58 
4.69 
2.71 
2.39 


2.62 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  64 ;  meas- 
urements, page  65 ;  rating  table,  page  66 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No.  15, 
page  63,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  259. 
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Fig.  72.— Discharge  of  Hiwassee  River  at  Murphj^  North  Carolina,  1898. 
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PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1898. 


TOCCOA   KIVER. 

Toccoa  River  rises  iu  northern  Georgia  and  flows  northwesterly  across 
the  State  line  into  Tennessee,  discharging  into  Tennessee  River  about 
30  miles  above  Chattanooga.  Measurements  of  the  head  waters  have 
been  made  in  Georgia  at  a  point  about  4  miles  east  of  the  town  of  Blue 
Ridge,  on  the  Atlanta,  Knoxville  and  Northern  Railroad,  103  miles 
northerly  from  Atlanta.  Blue  Ridge  station  on  Toccoa  River  was 
established  IS'ovember  25,  1898  j  no  rating  table  has  been  constructed. 
It  is  described  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  60; 
gage  heights  are  given  on  page  64  and  measurements  on  page  65. 


TENNESSEE   RIVER   AT    CHATTANOOGA. 

Results  of  measurements  on  tributaries  of  Tennessee  River  have  been 
given,  beginning  on  page  205.  The  main  stream  has  been  measured  at 
Chattanooga,  Tennessee.  The  station  is  located  at  the  foot  of  Lookout 
street,  just  below  Chattanooga  Island. 

Estimated  monthly  discharge  of  Tennessee  River  at  Chattanooga,  Tennessee. 

[Drainage  area,  21,418  square  miles.] 


Month. 


1898. 

January  

February  

Marcli 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Tlie  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


124,  860 

47, 115 

88,  725 

121,  940 

38,  720 

32, 515 

49,  670 

107,  705 

174,  500 

115,  370 

42,  005 

35,  800 


174,  500 


Mini- 
mum. 


14,  344 

16,  900 

15,  008 
39,  085 

17,  920 

10,  245 

11,  853 
20,  410 
18, 190 

16,  900 
20,  700 
19,  000 


10, 245 


Mean. 


59,  509 

22,  994 
24,  774 

60,  048 

23,  701 
16,  395 
20,  063 
50,  638 
47,  349 
44,  215 
28,  415 
28,  909 


35,  584 


Total  in  acre- 
feet. 

Run-oflF. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

3,  778,  785 

3.20 

2.77 

1,  277,  022 

1.11 

1.07 

1,  523,  304 

1.28 

1.11 

3,  573,  096 

3.12 

2.80 

1, 457,  327 

1.28 

1.11 

975, 569 

0.85 

0.77 

1,  233,  633 

1.08 

0.94 

3, 113, 629 

2.72 

2.36 

2,  817,  454 

2.46 

2.21 

2,  718, 691 

2.38 

2.06 

1,  690,  806 

1.48 

1.33 

1,  777,  556 

1.56 

1.35 

25,  936,  872 

22.52 

1.66 

Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  64; 
measurements,  page  65 ;  rating  tahle,  page  66;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  64,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  260  to  262. 
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Sec.-ft. 
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Fig.  73.— Discharge  of  Tennessee  River  at  Chattanooga,  Tennessee,  1891-1898. 


The  above  figure  shows  graphically  the  fluctuations  of  Tennessee 
River  at  Chattanooga  from  1891  to  1898,  inclusive.  The  figures  of 
monthly  flow  are  given  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  119,  for  the  years  1890  to  1895,  inclusive.  Those  for  189(3  and 
1897  are  given  in  the  Nineteenth  Annual  Report,  Part  lY,  page  261  j 
and  those  for  1898  are  shown  on  the  opposite  page. 
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SCIOTO  RIVER. 

Scioto  Eiver  drains  an  area  of  6,432  square  miles  lying  in  the  central 
and  southern  part  of  the  State  of  Ohio.  The  stream  has  a  general 
southerly  course  and  empties  into  Ohio  River  at  a  point  about  110  miles 
above  the  city  of  Cincinnati.  The  drainage  basin  as  a  whole  is  rela- 
tively long  and  narrow,  the  tributaries  flowing  through  what  may  be 
classed  as  a  prairie  country,  from  which  the  run-off  is  small.  The  chief 
interest  in  connection  with  this  stream  is  the  use  of  its  waters  for 
municipal  supplies.  The  city  of  Columbus  is  situated  a  little  above 
the  center  of  the  drainage  basin.  Above  this  are  a  number  of  impor- 
tant towns,  among  them  Marion,  with  a  population  in  1890  of  17,783, 
and  Delaware,  with  a  poj^ulation  of  9,810,  besides  numerous  smaller 
towns.  The  sewage  from  many  of  these  flows  into  the  creeks  and  ulti- 
mately in  diluted  form  reaches  Scioto  River,  rendering  its  water  of 
dubious  character  for  domestic  use.^ 

The  increase  of  population  and  consequently  of  pollution  within  the 
district  where  drainage  constitutes  the  chief  source  of  supply  to  Scioto 
River  is  a  growing  menace  to  the  health  of  Columbus  and  other  cities 
and  towns  along  the  river.  It  is  evident  that  before  use  the  water 
should  be  artificially  purified.  From  the  low-water  flow  of  the  stream 
it  is  evident  that  storage  must  be  had  at  one  or  more  places.  There  is 
now  in  contemplation  a  project  for  building  a  reservoir  on  Scioto  River 
near  the  city  of  Columbus.  According  to  a  report  by  Mr.  James  D. 
Schuyler^  the  Scioto  above  the  junction  with  the  Olentangy  at  Colum- 
bus has  a  total  watershed  of  970  square  miles.  For  20  miles  or  more 
the  Scioto  flows  through  a  straight,  narrow  gorge  or  canyon  in  the 
limestone,  75  to  100  feet  in  depth  and  with  a  width  of  from  500  to  1,500 
feet.  Through  this  canyon  the  average  grade  of  the  river  is  oetween  4 
and  5  feet  per  mile.  It  is  proposed  to  construct  a  concrete  masonry 
dam  near  the  lower  end  of  this  gorge,  at  a  point  known  as  the  Lakin 
site,  about  5  miles  above  the  present  city  waterworks.  The  amount  of 
water  available  at  this  point  has  been  estimated  from  measurements 
made  at  the  State  dam  at  Columbus,  beginning  in  January,  1897.  From 
these  measurements  it  appears  that  the  total  discharge  of  the  river  dur- 
ing the  year  1897  was  33,712  million  cubic  feet,  or  773,921  acre-feet,  rep- 
resenting a  mean  run-off  of  23.4  per  cent  of  the  precipitation.  The 
Scioto  above  the  proposed  dam  has  a  watershed  of  about  two-thirds 
the  total  area  draining  past  the  State  dam,  and  it  has  been  assumed  in 
making  computations  of  the  amount  available  at  the  proposed  dam  that 
this  ratio  of  the  drainage  area  holds  good  for  the  discharge,  giving  a 
mean  flow  of  710  cubic  feet  per  second  throughout  the  year  if  evenly 

'  Preliminary  Keport  of  an  Investigation  of  Rivers  and  Deep  Ground  Waters  of  Ohio  as  Sources  of 
Public  Water  Supplies,  by  the  Ohio  State  Board  of  Health,  1897-1898. 

2  Report  on  the  Construction  of  the  Proposed  Concrete  Masonry  Dam  for  the  Water  Supply  of  the 
City  of  Columbus,  by  James  D.  Schuyler,  consulting  engineer,  July  26,  1898. 
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distributed.     The  percentage  of  flow  during  the  different  months  of  the 
year  are  given  in  the  following  table: 

Estimated  monthly  percentcuje  ofjloiv  of  Scioto  River  at  Columbus,  Ohio. 


Month, 

Per  cent. 

Month. 

Per  cent. 

January 

Februarv       

3.15 
20.75 
46.15 
4.90 
5.  55 
2.85 
4.20 

Aueust 

1.60 
0.55 
0.20 
1.90 

8.20 

September 

March 

October 

November 

April  

May 

June 

December 

Total 

100.  00 

July 

The  great  inequality  shown  in  the  above  figures  is  probably  larger 
than  it  would  be  under  natural  conditions.  It  arises  not  only  from 
variations  due  to  the  seasons  and  the  increased  evaporation  from  culti- 
vated soil  and  vegetation,  but  also  from  extensive  underdrainage  of  the 
farm  lands  of  the  upper  Scioto  by  means  of  tile  drains,  which  rapidly 
draw  down  the  ground  waters  in  winter,  leaving  the  lands  in  a  condition 
to  absorb  the  spring  and  summer  rains.  An  estimate  has  been  given 
by  Mr.  Schuyler  of  the  probable  discharge  in  dry  and  wet  years,  based 
on  the  measurements  available  and  an  examination  of  the  rainfall  rec- 
ords. The  minimum  recorded  rainfall  of  the  Scioto  basin  is  about  28.5 
inches,  and  the  dry-year  runoff  has  been  estimated  at  4.5  inches,  or 
16.8  per  cent  of  the  precipitation. 

Estimated  discharge  in  dry  and  wet  years  of  Scioto  River  at  proposed  Lakin  dam  site. 


Month. 


January.. 
February 

March 

April 

May 

June 

July 

August... 
September 
October  . . 
November 
December 


Dry  years. 


Second - 
feet. 


Horse 
power. 


782 

S65 

665 

462 

253 

110 

42 

26 

16 

23 

122 

500 


3,550 

3,800 

2,930 

2,000 

1,110 

484 

182 

114 

70 

100 

537 

2,200 


Wet  years. 


Second- 
feet. 


1,032 

1,620 

1,470 

1,170 

705 

392 

136 

60 

109 

151 

313 

555 


Horse- 
power. 


4,500 

7,100 

6,450 

5,  300 

3,100 

1,720 

600 

264 

480 

660 

1,370 

2,440 
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In  the  above  table  the  estimated  discharge  in  cubic  feet  per  second  in 
dry  and  wet  years  has  been  given,  together  with  the  possible  horse- 
power available  at  the  proposed  dam  on  a  basis  of  75  per  cent  efficiency, 
the  height  being  at  an  elevation  of  112  feet  above  city  datum  and  the 
spillway  at  an  elevation  of  95  feet.  The  following  table  gives  the 
capacity  of  the  proposed  reservoir : 

Capacity  of  proposed  reservoir  on  Scioto  River  near  Columbus,  Ohio. 


Elevation,  a 

Surface  area. 

Capacity. 

Feet. 

Acres. 

Acre-feet. 

43 
50 

16 
46 

264 

60 

200 

1,553 

70 

329 

4,114 

80 

449 

8,102 

90 

676 

13,  795 

100 

873 

21,  565 

110 

1,114 

31,  465 

115 

1,262 

36,  870 

a  Elevation  above  city  datum,  this  latter 
being  43  feet  below  low  water  anrl  34  feet  below 
the  lowest  foundations. 

The  total  drainage  area  of  Scioto  Eiver  below  Columbus,  including 
Olentangy  Eiver,  is  1,667  square  miles.  The  flood  flow,  as  given  by  Mr. 
Julian  Griggs,^  city  engineer,  often  reaches  from  30,000  to  40,000  second- 
feet.  The  greatest  and  most  disastrous  flood  on  record  was  that  of 
March  23,  1898,  when  it  is  believed  that  the  discharge  reached  75,000 
second-feet.  At  this  time  the  maximum  rise  was  18.75  feet  at  the 
Columbus  State  Hospital  pumping  station,  or  2.75  feet  higher  than 
ever  before  reached  at  that  point.  The  average  flow  for  six  months  of 
the  wet  season  is  about  GOO  second-feet,  during  which  time  it  seldom 
falls  as  low  as  250  second-feet.  During  the  dry  weather  of  summer  and 
autumn  the  flow  is  very  small.  In  August,  September,  and  October, 
1897,  the  average  was  about  30  second-feet,  consisting  of  little  more 
than  the  sewage  of  the  city  slightly  diluted. 

The  low-water  flow  of  Scioto  Kiver  has  been  measured  by  Prof.  C.  N. 
Brown,^  at  Kenton,  where  the  drainage  area  is  153  square  miles;  at 
Marion,  on  the  Little  Scioto,  with  a  drainage  area  of  109  square  miles; 
at  Columbus,  with  a  drainage  area  of  1,070  square  miles,  and  at  Shade- 
ville,  where  the  drainage  area  is  1,670  square  miles.     The  flow  at  Ken- 

•A  report  to  the  director  of  public  improvements  of  the  city  of  Columbus,  Ohio,  on  the  proper 
disposal  of  the  sewage  of  the  city,  May  1,  1898;  Julian  Griggs,  chief  engineer,  department  of 
public  improvements. 

2  Report  on  stream  gagings  and  sources  of  pollution  of  the  Olentangy  and  Mahoning  rivers,  by  C  N. 
Brown  ;  pp.  142-179  of  the  Preliminary  Report  of  an  Investigation  of  Rivers  and  Deep  Ground  Waters 
of  Ohio  as  Sources  of  Public  Water  Supplies,  by  the  Ohio  State  Board  of  Health,  1897-98. 
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ton  was  from  about  2  to  5  second-feet ;  at  Marion,  from  1  to  2  second- 
feet,  and  at  Columbus  the  minimum  flow  was  estimated  to  be  a  little 
under  5  second-feet.  The  lowest  flow  at  Shadeville  was  probably  on 
October  30,  when  the  discharge  was  about  25  second-feet.  On  the 
accompanying  figure  (fig.  74)  is  given  the  relative  location  of  points  of 
observation  of  rainfall  and  river  flow  on  the  drainage  basin  above  the 
city  of  Columbus. 

OLENTANGY  RIVER. 

This  stream,  as  shown  on  fig.  74,  is  one  of  the  principal  tributaries  of 
Scioto  Kiver,  drainiug  a  narrow  strip  of  country  of  an  area  of  about  523 


Fig.  74. — Relative  location  of  river  and  rainfall  obaervationvS  in  basin  of  Scioto  Kiver  above  Columbus, 

Obio. 

square  miles.  Measurements  of  the  low-water  flow  have  been  made,  as 
noted  above,  by  Prof.  C.  ^.  Brown,  in  connection  with  determination 
of  the  minimum  discharge  of  Scioto  River.  These  measurements  were 
at  Gabon,  where  the  drainage  area  is  29  square  miles,  and  at  Columbus, 
near  the  mouth  of  the  river.  At  the  former  place,  during  September 
and  October  of  1897,  the  stream  was  dry,  except  for  sewage  from  Gallon. 
At  Columbus  the  flow  was  from  1  to  5  cubic  feet  per  second.  During 
the  winter  of  1892-93  measurements  were  made  of  Olentangy  River  by 
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students  of  engineering  of  tlie  Ohio  State  University,  under  direction 
of  Professor  Brown.  The  results  of  the  computations  of  daily  discharge 
are  shown  in  the  accompanying  figure  (fig.  75).  Comparing  the  total 
run-off  with  the  rainfall,  it  appears  that  in  December,  1892,  the  run-off 
was  25  per  cent  of  the  rainfall;  in  January,  1893,  it  was  34  per  cent; 
in  February,  89  per  cent;  in  March,  117  per  cent;  in  April,  50 per  cent, 
and  for  the  four  months  the  average  was  63  j^er  cent. 

The  total  discharge  of  Olentangy  River,  shown  by  fig.  75,  was  as 
follows : 

Acre-feet. 

December,  1892 8,  280 

January,  1893 24,  612 

February,  1893 125,810 

March,  1893 , 58,  884 

April,  1893 94,533 

May,  1893 ' 88,  648 


Sec.-fl. 
12, 000 

11,  000 

10, 000 

9,000 

8,000 

7,000 

fi  oon 

DEOi 
to  £6 

JAN.         1 
10  20       1 

=EB. 
0  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

Aua 

10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

/< 

» 

z 

/<: 

?9 

3 

5  000 

4  000 

3  000 

2  000 

1 

. 

) 

' 

1   000 

1 

1 

1, 

i 

I 

J 

0 

^ 

■l 

J 

lUi 

\ 

Iki 

M 

}A 

'£< 

O. 

?L 

} 

Fig.  75.— Discharge  of  Olentangy  River  at  Columbus,  Ohio,  December,  1892,  to  May,  1893. 


GREAT  IjAKES  BRAIIN^AGE. 

A  study  of  the  Great  Lakes  has  been  made  by  Mr.  G.  K.  Gilbert, 
the  results  being  printed  in  the  Eighteenth  Annual  Report,  Part  II, 
pp.  595-647.  In  this  paper  are  discussed  the  gage  readings  and  the 
question  whether  the  land  has  recently  been  tilted  to  an  amount 
appreciable  in  the  records  of  the  height  of  water. ^ 

Other  facts  concerning  the  Great  Lakes  and  river  system  have  been 
presented  by  Mr.  Lyman  E.  Oooleyiii  the  report  of  the  Deep  Waterways 

'Recent  earth  movement  in  the  Great  Lakes  region,  by  Grove  Karl  Gilbert:   Eighteenth  Ann. 
Rept.,  Part  II,  1898,  pp.  59.5-647. 
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CommissioD.i  This  report  gives  profiles  and  maps  of  water  routes,  a 
discussion  of  the  hydrology  and  of  the  principal  problems  connected 
with  navigation.  Following  its  transmission  to  Congress,  on  January 
18,  1897,  a  second  commission  know-n  as  the  Board  of  Engineers  on 
Deep  Waterways  was  created  for  the  purpose  of  making  surveys  and 
examinations,  including  estimate  of  cost  of  deep  waterways  between 
the  Great  Lakes  and  the  Atlantic  tide  waters.  (Stat.  L.  Vol.  30,  pp. 
50,  33G,  1109.) 

This  later  commission  has  not  yet  made  its  report,  but  it  is  under- 
stood that  careful  measurements  have  been  made  of  the  discharge  of 
Detroit  and  i^iagara  rivers.  It  is  asserted  that  the  measurements 
at  the  head  of  St.  Clair  River  have  shown  an  extraordinary  change 
within  a  few  years,  by  which  the  slope  has  been  decreased  over  a 
foot,  and  the  level  of  Lakes  Huron  and  Michigan  have  been  perma- 
nently lowered.  At  the  time  of  the  survey  made  in  1867,  the  gorge 
at  the  head  of  the  river  was  800  feet  wide,  48  feet  deep,  and  had  an 
area  of  cross  section  of  30,000  square  feet.  In  1899  the  same  section 
was  found  to  be  66  feet  deep,  with  an  area  of  36,000  square  feet.  The 
levels  of  the  lake  indicate  that  the  deepenings  occurred  about  1885  and 
1886.  By  this  change  the  slope  of  the  rapids  has  been  diminished  by 
over  1  foot. 

Discharge  measurements  of  the  outflow  of  the  Creat  Lakes  were 
made  in  1867, 1868,  and  1869  by  Mr.  D.  Farrand  Henry,  his  report  being 
contained  in  the  Annual  Reports  of  the  Chief  of  Engineers  for  1868, 
1869,  and  1870.  These  measurements  were  made  by  floats  and  meters. 
The  results  of  these  and  later  measurements  are  being  compiled  and 
discussed  by  the  Board  of  Engineers  on  Deep  Waterways,  whose  report 
is  not  yet  available. 

MENOMINEE  RIVER,  MICHIGAN. 

Menominee  River  forms  a  portion  of  the  boundary  between  Wiscon- 
sin and  the  upper  peninsula  of  Michigan.  The  name  is  applied  to  that 
portion  of  the  stream  from  the  junction  of  Brule,  Paint,  and  Michigamme 
rivers,  near  the  town  of  Florence,  Wisconsin,  down  to  the  mouth  of  the 
river  at  Green  Bay,  Lake  Michigan.  Besides  the  three  rivers  named, 
others  add  to  the  flow  at  intervals,  among  the  larger  of  which  are  Pine, 
Popple,  Sturgeon,  Bum  Wum,  Wausaukee,  and  Cedar  rivers.  In  all 
of  these,  as  well  as  in  the  Menominee  itself,  the  current  is  rajiid  and 
heads  of  from  6  to  10  feet  could  be  created  at  many  points  at  present 
not  considered  because  the  larger  falls  are  still  unimproved.  The 
smaller  feeders,  however,  are  of  comparatively  small  volumes,  and  these 
may  be  neglected.  At  the  mouth  of  the  river  are  two  cities,  that  on 
the  north,  in  Michigan,  known  as  Menominee,  and  on  the  south,  in  Wis- 
consin, known  as  Marinette.     Within  the  city  limits  are  two  dams  on 


'  Report  on  Technical  Work,  by  L.  E.  Cooley,  Chicago,  December,  189G,  in  Report  of  the  United 
States  Deep  Water waj's  Corainission,  Fifty-fourth  Congress,  second  session,  H.  R.  Doc,  No.  192.  See 
also  Water-Supply  and  Irrigation  Paper  of  the  U.  S.  Geological  Survey  No.  24,  p.  48. 
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the  river,  the  power  from  which  is  apparently  utilized  by  paper  and 
grist  mills.  Proceeding  upstream  from  this  point  there  are  no  improve- 
ments until  Lower  Quinnesec  Falls  is  reached.  At  this  point  is  a 
nearly  vertical  descent  of  60  feet,  giving  about  10,000  horsepower,  of 
which  4,000  horsepower  are  now  used  by  Kimberly,  Clark  &  Co.  Prep- 
arations are  being  made  to  utilize  a  larger  proportion  of  this  power.  A 
few  miles  above  this  point  is  Upper  Quinnesec  Falls,  with  a  fall  of  about 
60  feet.  At  this  point  is  an  air-compressor  plant,  from  which  air  is 
piped  to  Iron  Mountain  and  used  for  power  in  mining  operations.  From 
above  Twin  Falls,  located  5  miles  west  of  Iron  Mountain,  to  the  mouth 
of  the  river,  at  Menominee,  the  fall  is  over  500  feet. 

DESPLAINES    RIVER. 

Desplaines  Eiver  drains  an  area  of  630  square  miles  lying  immedi- 
ately to  the  west  and  northwest  of  the  city  of  Chicago.  Its  waters,  in 
the  natural  condition,  were  tributary  to  Illinois  River,  which  heads  near 
the  shores  of  Lake  Michigan  and  flows  southwesterly,  entering  the 
Mississippi  River  a  short  distance  above  the  mouth  of  the  Missouri 
River.  By  the  construction  of  regulation  works  its  waters  are  con- 
trolled in  order  to  keep  them  from  interfering  with  the  operation  of  the 
Chicago  drainage  canal.  At  a  point  south  of  Riverside  the  flood  waters 
are  divided,  a  portion  going  to  Joliet  and  thence  to  the  Mississippi  River, 
and  the  excess  over  5^000  second-feet  into  Chicago  River.  When  the 
canal  is  completed  the  regulation  works  or  spillway  will  be  raised  so 
that  none  of  the  flood  waters  will  enter  Chicago  River.  The  drainage 
basin  is  typical  of  a  large  extent  of  country  draining  to  the  Mississippi 
and  to  the  Great  Lakes,  and  therefore  the  data  pertaining  to  the  run -off 
are  suggestive  of  what  may  be  expected  from  a  considerable  portion  of 
the  Northwest. 

Systematic  measurements  of  the  flow  from  this  basin  have  been  made 
by  the  Chicago  drainage  and  water-supply  commission,  the  city  of 
Chicago,  and  the  sanitary  district  of  Chicago.  These  corporations 
have  maintained  a  gage  at  Riverside  almost  continuously  since  May  13, 
1886.  The  stage  of  the  river  has  been  recorded  once  or  twice  each  day 
and  occasional  discharge  measurements  have  been  made,  and  from  these 
estimates  of  the  daily  flow  have  been  had.  The  results  for  the  years 
1886  to  1806,  inclusive,  have  been  published  by  Mr.  Thomas  T.  Johnston.^ 
Later  facts  for  the  years  1896-1898,  inclusive,  have  been  obtained  from 
Mr.  G,  M.  Wisner,  assistant  engineer  of  the  sanitary  district  of  Chicago. 
An  examination  of  the  highest  authentic  Avater  marks  along  the  river — 
those  for  1889  and  1892 — indicate  a  maximum  flow  of  13,500  second- 
feet.  This  is  the  equivalent  of  21  second-feet  per  square  mile,  or  a  rain- 
fall of  1.25  inches  per  day  over  the  area  of  the  whole  basin.  The 
following  table  gives  in  condensed  form  the  monthly  flow  taken  from 
the  data  prepared  by  Mr.  Johnston. 

1  Journal  of  the  Western  Society  of  Engineers,  Vol.  I,  No.  3,  June,  1896,  pp.  297-404. 
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Estimated  monthly  discharge  of  Desplaines  lUver  at  Riverside,  Illinois. 

[Drainage  area,  630  square  miles.] 


Month. 


1886. 

Maj^  13-31 

June 

July 

August 

September 

October 

November 

December 

1887. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November,  1-26. 
December,  4-31 . 

The  year . .. 

1888. 

January  

February  

March 

September 

October 

November 

December 

1889. 

January 

February   

Marcli   

April 

May  


Discharge  in  second-feet. 


Maxi- 
niunj. 


2,118 

268 

221 

51 

128 

70 

0 

0 


2,280 

9,650 

3,160 

530 

200 

45 

490 

160 

215 

450 

325 

1,000 


9,650 


850 

4,110 

4,  035 

110 

0 

0 

0 


470 

90 

625 

1,350 

470 


Mini- 
mum. 


236 
7 
0 
0 
0 
0 
0 
0 


0 

650 

280 

120 

20 

0 

0 

60 

80 

245 

215 

415 


0 


600 
600 
1,280 
0 
0 
0 
0 


0 
0 
0 
5 
0 


Mean. 


1,073 

87 

77 

5 

16 

4 

0 

0 


481 

3,380 

1,469 

291 

69 

9 

182 

96 

122 

342 

266 

857 


630 


748 

1,507 

4,003 

19 

0 

0 

0 


156 
8 
233 
635 
214 


Total  in  acre- 
feet. 


65,  977 

5,177 

4,735 

307 

952 

246 

0 

0 


29, 575 

187,  715 

90,  325 

17,  316 

4,243 

536 

11,  192 

5,902 

7,259 

21,  028 

15,  828 

52,  694 


443,  613 


45,  993 

83,  694 

246, 134 

1,131 

0 
0 
0 


9,592 

444 

14,  326 

37,  785 
13, 158 


Runoff. 


Depth  in 
inches. 


1.96 
0.16 
0.14 
0.00 
0.03 
0.00 
0.00 
0.00 


0.87 
5.59 
2.69 
0.52 
0.13 
0.01 
0.33 
0.17 
0.21 
0.62 
0.47 
1.57 


13.18 


1.37 

2.58 
7.30 
0.03 
0.00 
0.00 
0.00 


0.29 
0.01 
0.43 
1.13 
0.39 


Second- 
feet  per 
sq  uare 
mile. 


1.70 
0.14 
0.12 
0.00 
0.03 
0.00 
0.00 
0.00 


0.76 
5.37 
2.33 
0.46 
0.11 
0.01 
0.29 
0.15 
0.19 
0.54 
0.42 
1.36 


1.00 


1.19 
2.39 
6.35 
0.03 
0.00 
0.00 
0.00 


0.25 
0.01 
0.37 
1.01 
0.34 
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Estimated  monthly  discharge  of  Desplainea  River  at  Riverside,  Illinois — Cont'd. 

[Drainage  area,  630  square  miles.] 


Mouth. 


1889. 
June 

July 

August 

September 

October 

November 

December  1-29. 

The  year  .  . 

1890. 

July 

August 

September  . . . . 

October 

November 

December  1-27. 

1892. a 

May 

June 

July 

August 

September 

October 

November 

December . 

1893. 

January  

February  

March 

April 

May  

June 

July 

August 

September 

October 

November 

December 

The  year . . 


Discbarge  in  second-feet. 


Maxi- 
mum. 


2,235 

3,620 

1,120 

0 

0 

0 

470 


3,620 


80 
45 
45 
36 
90 
54 

10, 120 
12, 000 
2,190 
60 
60 
10 
30 
70 


10 

1,000 

7,100 

3,550 

2,645 

2,700 

180' 

10 

0 

110 

10 

550 


7,100 


Mini- 
mum. 


10 
0 
0 

0 
0 
0 
0 


0 


0 

0 

0 

0 

0/ 

0 

550 
1,420 
46 
0 
0 
0 
0 
0 


0 

7 

610 

160 

120 

120 

14 

0 

0 

0 

0 

0 


0 


Mean. 


1,112 

597 

245 

0 

0 

0 

204 


284 


54 

10 

7 

11 
20 
20 

2,481 

3,409 

433 

14 

9 

2 

12 

22 


5 

187 

2,818 

1,012 

716 

771 

77 

1 

0 

10 

1 

145 


479 


Total  in  acre- 
feet. 


m,  168 

36,  707 

15,  064 

0 

0 

0 

12,  543 


205,  787 


3,320 

615 

417 

676 

1,190 

1,229 

152,  550 

202,  849 

26,  624 

861 

535 

123 

714 

1,353 


307 

10,  386 

173,  272 

60,  242 

44,  025 

45, 878 

4,734 

61 

0 

615 

60 

8,916 


348, 496 


Pvun-off. 


Depth  in 
Inches. 


1.97 
1.09 
0.45 
0.00 
0.00 
0.00 
0.37 


6.13 


0.10 
0.02 
0.01 
0.02 
0.03 
0.03 

4.58 
6.06 
0.79 
0.02 
0.01 
0.00 
0.02 
0.03 


0.00 
0.31 
5.14 
1.79 
1.31 
1.36 
0.15 
0.00 
0.00 
0.02 
0.00 
0.30 


10.38 


Second- 
feet  per 
square 
mile. 


1.77 
0.95 
0.39 
0.00 
0.00 
0.00 
0.32 

0.45 


0.09 
0.02 
0.01 
0.02 
0.03 
0.03 

3.94 
5.41 
0.69 
0.02 
0.01 
0.00 
0.02 
0.03 


0.00 
0.30 
4.47 
1.60 
1.14 
1.22 
0.12 
0.00 
0.00 
0.02 
0.00 
0.26 


0.76 


a  No  figures  for  1891. 
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Estimated  monthly  discharf/e  of  Desplaines  River  at  Riverside,  Illinois— ConVd. 

[Drainage  area.  630  square  miles.] 


Month. 


1894. 

January  

February  

JMarcJi 

April 

JVIay 

June 

Jnly 

August 

September  . . . . 

Ofctober , 

November 

December 

The  year  . . 

1895. 

January 

February  

IVIarch  

April 

IMay 

June , 

July 

August   

September 

October 

November 

December , 

The  year 

1896. 

January 

February 

March 

April 

May 

June 

July 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini 
mum. 

Mean. 

I,  385 

35 

274 

2,370 

120 

642 

6,  960 

80 

1,668 

1,460 

110 

430 

3,160 

160 

1,040 

160 

9 

42 

22 

0 

0 

0 

0 

0 

203 

0 

35 

0 

0 

0 

12 

0 

5 

44 

0 

10 

6,960 

0 

346 

0 

0 

0 

2,109 

0 

116 

1,919 

77 

386 

706 

8 

166 

233 

6 

61 

4 

0 

0 

0 

0 

0 

71 

0 

4 

184 

0 

32 

0 

0 

0 

6 

0 

1 

6,268 

0 

984 

6,268 

0 

146 

412 

6 

140 

4,194 

73 

619 

1,749 

233 

604 

1,006 

184 

433 

1,392 

1 

212 

418 

0 

53 

124 

0 

11 

Total  in  acre- 
feet. 


16,  848 

35,  654 

102,  561 

25,  586 

63,  947 

2,499 

0 

0 

2,083 

0 

298 

615 

250,  091 


0 

6,442 

23,  734 

9,878 

3,751 

0 

0 

246 

1,904 

0 

60 

60,  504 


106,  519 


8,608 
35,  604 
37, 139 
25,  766 
13,  035 

3,154 
676 


Run-oflF. 


Depth  in 
inches. 


0.51 
1.06 
3.05 
0.75 
1.90 
0.08 
0.00 
0.00 
0.07 
0.00 
0.00 
0.02 


7.44 


0.00 
0.19 
0.70 
0.29 
0.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.80 


3.08 


0.25 
1.06 
1.10 
0.75 
0.39 
0.10 
0.02 


Second- 
feet  per 
square 
mile. 


0.44 
1.02 
2.65 
0.68 
1.65 
0.07 
0.00 
0.00 
0.06 
0.00 
0.00 
0.02 


0.55 


0.00 
0.18 
0.61 
0.26 
0.09 
0.00 
0.00 
0.00 
0.05 
0.00 
0.00 
1.56 


0.23 


0.22 
0.98 
0.96 
0.68 
0.34 
0.09 
0.02 
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Estimated  monthly  discharge  of  Dcsplaines  River  at  Riverside^  Illinois — Cont'd. 

[Draiuage  area,  630  square  miles.] 


Month. 


1896. 

August 

September  .  - . . 

October  

November 

December 

The  year  . . 

1897. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1898. 

January  

February  

March 

April  

May 

June 

July 

August 

September  . . . . 

October 

November 

December 

The  year 


Dischai 

ge  iu  second-leet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

176 

0 

33 

412 

0 

182 

494 

1 

180 

630 

1 

271 

305 

6 

103 

4,194 

0 

237 

8,660 

100 

2,882 

2,136 

418 

841 

7,382 

164 

2,520 

3,406 

284 

1,061 

1,838 

44 

328 

630 

6 

149 

89 

1 

34 

6 

0 

0 

0 

0 

0 

0 

0 

0 

39 

0 

6 

6 

0 

4 

8,660 

0 

652 

510 

■   0 

102 

4,110 

64 

1,134 

8,960 

260 

3,172 

880 

98 

276 

260 

69 

122 

5,000 

75 

747 

1,060 

10 

161 

75 

0 

24 

30 

0 

8 

109 

10 

26 

850 

53 

238 

450 

0 

99 

8,960 

0 

509 

Total  in  acre- 
feet. 


2,029 

10,  830 

11,  070 
16,  125 

6,332 


170,  368 


177,  044 

46,  650 

154,  949 

63, 134 

20, 167 

8,866 

2,091 

0 

0 

0 

357 

238 


473,496 


6,271 

62,  757 

195, 038 

16,  423 

7,501 
44, 449 

9,900 

1,476 
476 

1,599 
14, 162 

6,087 


366, 139 


Run-otf. 


Depth  in 
inches. 


0.06 
0.32 
0.33 
0.48 
0.18 


5.04 


5.26 
1.38 
4.60 
1.87 
0.60 
0.26 
0.06 
0.00 
0.00 
0.00 
0.01 
0.01 


14.05 


0.18 
1.87 
5.83 
0.49 
0.22 
1.33 
0.30 
0.04 
0.01 
0.04 
0.43 
0.18 


10.92 


Second- 
feet  per 
square 
mile. 


0.05 
0.29 
0.29 
0.43 
0.16 


0.38 


4.57 
1.33 
4.00 
1.68 
0.52 
0.23 
0.05 
0.00 
0.00 
0.00 
0.01 
0.01 


1.03 


0.16 
1.80 
5.03 
0.44 
0.19 
1.19 
0.26 
0.04 
0.01 
0.04 
0.38 
0.16 


0.81 
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A  comparison  of  the  rainfall  and  run-off  of  Desplaines  River  above 
Eiverside  has  been  prepared  by  Mr.  Johnston,'  the  recorded  rainfall  at 
Chicago  being  taken  to  reprepresent  that  of  the  whole  basin.  There 
are  a  considerable  number  of  points  at  which  rainfall  has  been  meas- 
ured within  or  near  the  area  drained,  but  the  figures  obtained  for  the 
points  mentioned  are  considered  as  being  fairly  representative.  The 
records  for  Chicago  begin  in  1871.  It  is  stated  that  the  maximum 
rainfall  in  twelve  consecutive  months  since  that  year  occurred  between 
September,  1881,  and  September,  1882,  being  53.43  inches.  The  mini- 
mum rainfall  for  a  similar  period  occurred  between  ]S"ovember,  1894 
and  November,  1895,  and  was  22.86  inches.  The  total  run-off  during 
this  latter  period  was  equivalent  to  1.39  inches,  or  a  trifle  over  6  per 
cent  of  the  total  rainfall. 


Fig.  76.— Discharge  of  Desplaines  River  at  Eiverside,  Illinois,  1893-1898. 

MAUMEE    RIVER. 

Waterville  station,  on  Maumee  Eiver,  was  established  November  19, 
1898.  No  rating  table  has  been  constructed.  It  is  described  in  Water- 
Supply  and  Irrigation  Paper  No.  27,  page  66.  Gage  heights  are  given 
on  page  67  and  measurements  on  page  68. 

SANDUSKY    RIVER. 

Mexico  and  Fremont  stations,  on  Sandusky  River,  were  established 
in  November,  1898.  No  rating  tables  have  been  constructed.  These 
stations  are  described  in  Water-Supply  and  Irrigation  Paper  No.  27, 
on  pages  66  aiid  67.  Gage  heights  are  given  on  page  67  and  measure- 
ments on  page  68. 


'  See  table  in  WaterSupply  and  Irrigation  Paper  No.  24,  p.  64. 
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NIAGARA    RIVER. 

In  the  summer  of  1841  measurements  were  made  of  the  discharge 
of  Niagara  Kiver  at  Blackrock  harbor,  this  being  above  the  falls.  The 
computed  discharge  was  374,000  second-feet.  Corrections  and  recompu- 
tations  of  this  data  were  made  by  Mr,  D.  Farrand  Henry,  reducing  the 
discharge  to  269,277  second-feet.  This  corrected  for  difference  in  gage 
height  gave  245,797  second-feet,  or  about  2,000  second-feet  more  than 
the  measurements  made  in  1867." 

Mr.  Henry's  computations,  based  on  data  then  available,  made  the 
discharge  about  one-half  of  the  probable  rainfall,  allowance  being  made 
by  him  for  the  probable  evaporation. 

Gagings  of  St.  Clair  and  ]!!s  iagara  rivers  were  continued  in  1869,  obser- 
vations being  made  throughout  the  season.  The  results  are  shown  in  the 
Annual  Keport  of  the  Chief  of  Engineers  for  1870,  pages  567  and  568. 

The  discharges  of  St.  Clair  Eiver  were  computed  for  days  at  inter- 
vals from  July  16  to  September  3,  1869,  and  those  for  Niagara  Kiver 
from  June  12  to  September  25,  1869.  The  mean  discharge  of  St.  Clair 
River  during  the  time  given  was  ascertained  to  be  217,658  second-feet, 
varying  from  a  minimum  of  178,681  second-feet  on  July  21  to  a  maxi- 
mum of  258,085  second-feet  on  August  23. 

The  discharges  of  Niagara  River  varied  from  a  minimum  of  172,669 
second-feet  on  August  26,  1869,  to  a  maximum  of  257,445  second-feet 
on  June  18,  1869,  the  average  being  212,860  second-feet.  By  months 
the  average  discharge  was  as  follows: 

Second -feet. 

June  12-30 216,  659 

July  1-30 217,365 

August  2-28 204,150 

September  6-25 21.5,855 

A  description  of  the  methods  and  results  of  measurements  of  the 
discharge  of  Niagara  River,  made  by  Mr.  J.  C.  Quintus  in  1891-92,  is 
contained  in  Engineering  News,  March  2,  1893,  vol.  29,  images  194-196. 
The  measurements  were  made  at  a  point  about  1,000  feet  below  the 
international  bridge,  in  front  of  Blackrock  and  near  the  foot  of  Squaw 
Island.  The  discharge  measurements  were  made  at  intervals  from 
December  11,  1891,  to  May  28,  1892,  the  reading  on  the  Buffalo  gage 
ranging  from  —  2.95  to  -\-  0.15.  The  zero  of  this  gage  is  at  mean  level  of 
Lake  Erie,  or  572.96  feet  above  mean  tide  at  New  York.  The  discharges 
ranged  from  164,648  second-feet  up  to  236,762  second-feet. 

It  has  been  demonstrated  that  discharge  measurements  made  when 
the  level  of  Lake  Erie  is  materially  affected  by  wind  are  worthless. 
The  work  done^  in  1891-92  by  Mr.  J.  C.  Quintus  was  carried  on  for  the 
greater  part  under  unfavorable  conditions,  and  it  is  probable  that  the 
reverse  discharge  curve  platted  by  him  was  due  to  those  conditions. 

'  Report  of  Chief  of  Engineers,  U.  S.  Army,  1868,  pages  965-966. 

2 Measurement  of  discliarge  of  Niagara  Kiver:   Report  of  J.  C.  (Juiutus,  inspector,   in   Annual 
Report  of  Chief  of  Engineers,  United  States  Army,  1893,  pp.  4364-4371. 
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GENESEE  RIVER. 


Genesee  Eiver  has  been  described  by  Mr.  George  W.  Eafter  in  his 
report  on  the  Water  Resources  of  the  State  of  New  York.'  This  river 
rises  in  the  northern  part  of  Pennsylvania  and  continues  north  across 
the  State  of  New  York  into  Lake  Ontario.  In  the  upper  or  southern 
part  of  its  course  it  flows  through  comparatively  broad  alluvial  valleys, 
but  near  Portage  it  enters  a  deep,  narrow  canyon,  having  a  fall  of  330 
feet,  the  greater  part  of  this  being  at  the  Portage  Falls.  Below  this 
canyon  the  river  again  enters  a  broad  valley,  from  1  to  2  miles  in  width, 
in  which  it  continues  to  near  Rochester,  where  there  is  a  descent  of 
263  feet  in  about  3  miles.  Measurements  of  the  flow  of  the  river  have 
been  made  as  described  in  the  Nineteenth  Annual  Report,  Part  IV, 
pages  262-264.  The  results  of  the  computations  of  monthly  discharge 
are  given  in  the  following  table,  and  the  daily  fluctuations  are  shown 
graphically  in  fig.  77. 

Estimated  monthly  discharge  of  Genesee  River  at  Mount  Morris,  New  York. 

[Drainage  area,  1,070  square  miles.] 


Month. 


1893. 
September  . 

October  

November.. 
December  . . 

1894. 
January  ... 
February  .. 

March 

April 

May 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,316 

2,158 

2,891 

15,  380 


June 

July 

August 

September  .. 
October  6-31 
November... 
December  . . . 


6,162 

2,615 

16, 142 

15, 179 

11, 108 

5,214 

265 

648 

8,564 

2,  485 

1,579 

1,161 


Mini- 
mum. 


Mean. 


Total  iu  acre- 
feet. 


122 
123 
186 
354 


The  year 16,142 


439 
379 
791 
482 
390 
186 
100 
100 
100 
148 
461 
156 


314 

356 

516 

2,170 


1,297 

884 

3,074 

3,245 

4,108 

1,050 

132 

200 

888 

407 

782 

568 


Run-off. 


Depth  in 
inches. 


18,  684 

21,  890 

30,  704 

133,  429 


79,  749 

49,  095 

189,  014 

193,  090 

252,  592 

62,  479 

8,116 

12,  298 

52,  840 

25,  026 

46,  532 

34,  925 


0.37 
0.44 
0.60 
2.70 


Second- 
feet  per 
square 
mile. 


0.33 
0.38 
0.54 
2.34 


100   1,386   1,005,756 


1. 
0. 
3. 
3. 
5. 
1. 
0. 
0. 
1. 
0. 
0. 
0. 


61 
90 
82 
78 
11 
23 
16 
25 
03 
51 
91 
70 


1.40 
0.86 
3.31 
3.39 
4.43 
1.10 
0.14 
0.22 
0.93 
0.44 
0.82 
0.61 


20.01 


1.47 


1  Water-Supply  and  Irrigation  Papers  of  tlie  IT.  S.  Geological  Survey  Nos.  24  and  25. 
20  GEOL,  PT  4 15 
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Eatimaied  monthly  di8char</e  of  (ieneaee  River  at  Mount  Morris,  New  Forfc— Contiuued. 

[Drainage  area,  1,070  square  miles.] 


Montli. 


1895. 

January 1,657 

February  440 

Marcli 8,850 

April 10,230 

May  390 

June 370 

July 190 

August 170 

September 100 

October 170 

November 1,  860 

December 11,  220 


Discharge  in  second-feet. 


Maxi- 
mum. 


The  year 


1896. 
Januar}- . . . 
February   . 

March 

April 

May 

June 

July 

August. .. . 
September 
October  . . . 
November  . 


11,  220 


1,630 

3,840 

15,  220 

14,  210 

360 

1,700 

600 

580 

380 

13,  350 

1,160 


Mini- 
mum. 


218 
180 
600 
220 
150 
100 
100 
100 
100 
120 
110 
130 


100 


180 
350 
540 
270 
100 
180 
100 
120 

iio 

330 
230 


Mean. 


604 

224 

1,803 

1,927 

174 

128 

105 

115 

100 

104 

449 

1,226 


580 


436 

907 

2,786 

3,245 

157 

296 

226 

188 

148 

1,664 

782 


Total  in  acre- 
feet. 


37, 139 

12,  440 

110, 863 

114,  664 

10,  699 

7,617 

6,456 

7,071 

5,  950 

6,395 

26,  717 

75,  384 


421,  395 


Run-off. 


I    Second- 
Depth  in      feet  per 
inches.         square 
mile. 


26,  809 

52, 171 

171,  305 

193,  090 

9,654 

17,  613 

13,  896 

11,  560 

8,807 

102,  316 

46,  532 


0.76 
0.23 
2.24 
2.24 
0.22 
0.14 
0.13 
0.14 
0.11 
0.12 
0.53 
1.52 


«.38 


0.54 
0.98 
3.46 
3.77 
0.20 
0.44 
0.28 
0.23 
0.18 
2.01 
0.91 


0.66 
0.22 
1.94 
2.01 
0.19 
0.13 
0.11 
0.12 
0.10 
0.11 
0.47 
1.32 


0.62 


0.47 
0.91 
3.00 
3.38 
0.17 
0.39 
0.24 
0.20 
0.16 
1.74 
0.82 


In  the  above  table  the  maximum  and  minimum  discharges  have  been  taken  from  the  diagrams 
showing  daily  flow  of  the  stream.  The  mean  discbarges  have  been  obtained  from  table  No.  1,  on  page 
629,  of  the  report  of  the  State  engineer  of  New  York  for  1896.  These  averages,  as  stated  by  Mr. 
Rafter,  liave  been  corrected  from  the  values  given  on  the  diagrams,  as  follows :  For  mean  monthly 
flows  of  less  than  1,000  second-feet,  5  per  cent  has  been  deducted;  over  1,000  second-feet  and  less  than 
3,000  second-feet,  10  per  cent  has  been  deducted;  over  3,000  second-feet,  5  per  cent  has  been  deducted. 
These  corrections  have  been  made  in  accordance  with  the  results  of  weir  measurements  made  in  the 
summer  and  fall  of  1896.  The  depth  in  inches  on  the  watershed  has  been  taken  from  table  No.  2,  on  page 
C31,  of  the  sanu!  report.  Measurements  have  also  been  made  from  June  17  to  December  2,  1890,  the 
results  being  given  on  Plate  II,  Ai)i)endix  F,  of  the  annual  report  of  the  State  engineer  of  New  York 
for  1890. 
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11, 
10, 

9. 

8, 

7, 
6, 

5, 
4, 
3, 
2. 

1, 

12, 
11, 
10, 

9, 

8, 

", 

6, 

5, 

4, 

3, 

2. 

1, 

Fig.  77.— Discharge  of  Genesee  River  at  Mount  Morris,  New  York,  1893-1896. 

OTTAWA  RIVER. 

Oue  of  the  priDcipal  tributaries  of  the  St.  Lawrence  from  the  north- 
ern or  Canadian  side  is  Ottawa  River,  on  an  island  at  the  mouth  of 
which  the  city  of  Montreal  has  been  placed.  Mr.  T.  0.  Clarke,  engineer, 
from  1858  to  1860  in  charge  of  the  survey  for  the  Ottawa  River  Canal, 
measured  the  discharge  of  the  river  at  Carillon,  just  above  its  entrance 
into  the  lake  of  Two  Mountains,  from  which  lake  it  divides  and  enters 
the  St.  Lawrence  on  both  sides  of  the  Island  of  Montreal.  He  gives 
the  discharge  as  5,000,000  cubic  feet  per  minute,  or  83,333  second-feet. 
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UPPER  MISSISSIPPI   RIVER   DRAINAGE. 

The  Upper  Mississippi  River,  or  that  portion  of  the  Mississippi  above 
the  mouth  of  the  Missouri,  has  been  surveyed  and  studied  by  the  officers 
of  the  Engineer  Corps,  United  States  Army.  The  principal  figures  of 
discharge  are  printed  in  the  reports  of  the  Chief  of  Engineers,  United 
States  Army,  and  have  been  compiled  in  a  i)amphlet  issued  by  the 
Mississippi  River  Commission  entitled  "Tabulated  Results  of  Dis- 
charge Observations,  Mississippi  River  and  its  Tributaries  and  Outlets, 
1838-1894.'^ 

MISSISSIPPI  RIVER  IN   lyilNNESOTA. 

The  headwaters  of  the  Mississipi)i  River  have  particular  interest  to 
students  of  water  conservation  because  of  the  fact  that  the  Govern- 
ment has  planued  and  constructed  a  number  of  large  reservoirs.  The 
relative  location  of  these  is  shown  by  the  accompanying  illustration, 
fig.  78.  This  is  taken  from  the  Annual  Report  of  the  Chief  of  Engi- 
neers, United  States  Army,  for  1896,  i)age  1844. 
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RESKRVOIRS. 


The  reservoirs  at  the  head  of  the  Mississippi  River  liave  been  formed 
by  closing  the  ontlets  of  natural  lakes  by  means  of  log  and  stone  dams 
similar  to  those  constructed  by  lumbermen.  The  cost  of  such  work  in 
X^rojjortion  to  the  amount  of  water  held  is  extremely  small^  as  the  basins 


Fig.  78. — Lakes  and  reservoirs  at  sources  of  the  Mississippi  River:  1,  Leech  Lake;  2,  Lake  Winnibiso- 
shisli;  3,  Pokegaina  Falls;  4,  Pine  River;  5,  Sandy  Lake;  6,  Gull  Lake;  7,  Mille  Lacs;  8,  Crow  Wmg 
River;  9,  Big  Stone  Lake;  10,  Lake  Traverse ;  11,  Otter  Tail  Lake;  12,  Red  Lake. 

of  the  lakes  are  very  broad.  Estimates  of  this  cost  ])er  acre-ibot  stored 
have  been  made  by  the  engineers  in  charge  and  are  quoted  on  page  42 
of  this  volume  in  comparison  with  cost  of  other  reservoirs. 

The  purpose  of  these  reservoirs  is  to  collect  the  surplus  water,  prin- 
cipally from  the  precipitation  of  winter,  spring,  and  early  summer,  to 
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be  systematically  released  so  as  to  benefit  navigation  upon  the  Mis- 
sissippi Eiver  below  the  dams  and  as  far  down  as  Lake  Pepin.  A  reduc- 
tion of  the  height  of  floods  in  localities  immediately  below  the  dam  is 
expected  to  be  gained  to  some  extent,  but  control  of  extended  floods  or 
freshets  is  not  expected.  The  records  indicate  that  a  rise  in  the  river 
at  St.  Paul  commences  in  from  seven  to  eight  days  following  the  release 
of  water  from  the  distributing  reservoir  at  Pokegama  Falls,  and  in 
about  five  days  thereafter  the  full  effect  is  felt.  The  rise  on  the  signal- 
service  gage  at  St.  Paul,  due  to  the  rise  of  water,  in  1893  was  1  foot; 
in  1894  it  was  1.3  feet,  and  in  1895,  1.2  feet.^ 

There  are  five  completed  reservoirs,  the  principal  details  for  which 
are  given  in  the  following  table.  The  capacity  given  is  that  above  the 
original  contents  before  the  dams  were  constructed.  In  the  case  of  two 
of  the  reservoirs — Pokegama  Falls  and  Sandy  Lake — the  full  capacity 
can  be  utilized  each  year,  but  the  three  remaining  reservoirs  have  never 
been  filled.  Lake  Winnibigoshish  has  been  a  little  more  than  half  filled, 
and  Leech  Lake  and  Pine  Eiver  reservoirs  have  been  about  two-thirds 
filled.  The  two  upper  reservoirs — Winnibigoshish  and  Leech  lakes — 
have  capacities  such  that  the  average  annual  rainfall  has  not  been  suf- 
ficient to  furnish  a  full  supply.  It  is  possible  that  in  1897  they  might 
have  been  filled  if  the  dams  had  been  in  condition  to  safely  hold  all  of 
the  water.  The  timber  sluiceways,  however,  were  in  such  need  of  re^iairs 
that  it  would  have  been  unsafe  to  have  retained  the  full  quantity  of 
water.^  The  cost  given  in  round  numbers  includes  extraordinary  repairs 
to  Pine  Eiver  reservoir,  $13,000,  to  close  a  crevasse  formed  June  17, 
1896.  The  expenditures  for  maintenance  and  repairs  have  been,  in 
round  numbers,  from  $20,000  to  $30,000  a  year. 

Capacitij  and  cost  of  reservoirs  at  head  of  Mississippi  JUrerJ 


Xame. 

Tear  com- 
pleted. 

Distance 

above 
St.  Paul. 

Drainage 
area. 

Height 
of  dam. 

Maximum 
capacity. 

Cost. 

Cost 
per  acre- 
foot. 

Winnibigoshish  .. 

Leech  

Pokegama 

Pine  River 

Sandy  Lake 

Total 

1884 
1884 
1884 
1886 
1895 

Miles. 

411 
411 
341 
194 
261 

Sq.  miles. 

1,442 

1,163 

660 

562 

422 

Feet. 

14 
6 
9 

17 
9 

Acre-feet. 

1,  033,  600 

759,  700 

107,  900 

172,  200 

72, 500 

$216,  000 

173,  000 

85,  000 

103,  000 

114, 000 

$0.21 
.23 
.79 
.60 
.16 

4,249 

2, 145,  900 

691,  000 

.32 

'  Kept.  Chief  Engineers  U.  S.  A.,  1896,  p.  1841. 

2  Jleport  on  the  Mississippi  River  Floods  by  the  Committee  on  Commerce,  United  States  Senate, 
pursuant  to  Senate  Resolution  No.  75,  Fifty-fifth  Congress,  first  session,  printed  as  Fifty-lifth  Con- 
gress, third  session,  Senate  Report  No.  1433,  pp.  16-18. 
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At  the  time  the  reservoirs  were  inaugurated  they  were  situated  in 
the  wilderness  and  no  method  of  transporting  cement  or  other  building 
material  was  available  for  the  construction  of  the  dams.  These  were 
built  of  timber,  and  at  the  present  time  are  much  decayed,  necessitat- 
ing extensive  repairs  to  the  dams  at  Winnibigoshish  and  Leech  lakes 
before  these  reservoirs  can  be  filled.  It  is  urged  that  the  timber  por- 
tions should  be  replaced  with  i)ermanent  masonry,  preferably  concrete.^ 
Land  values  have  also  greatly  increased,  and  as  a  general  conclusion  it 
is  stated  that  there  is  no  longer  a  question  of  building  new  reservoirs, 
but  of  completing  and  making  permanent  those  already  built. 

MISSISSIPPI   RIVER   AT   ST.   PAUL. 

Measurements  of  the  Mississippi  River  at  St.  Paul  below  the  mouth 
of  Minnesota  River  have  been  made  by  the  Corps  of  Engineers,  largely 
for  the  purpose  of  determining  the  results  of  water  storage  on  the  head- 
waters. In  the  Nineteenth  Annual  Report,  Part  IV,  on  pages  264-270, 
is  given  a  description  of  the  methods  employed  and  computations  of 
the  monthly  flow.  The  accompanying  table  gives  similar  computations 
for  1898,  these  being  based  upon  the  observations  of  height  made  by 
the  Weather  Bureau  and  a  rating  table  obtained  as  described  in  the 
Nineteenth  Annual  Report. 

Estimated  monthly  discharge  of  Mississippi  River  at  St.  Paul,  Minnesota 

[Drainage  area,  36,085  square  miles.] 


Month. 

Discharge  in  second  feet. 

Run -off. 

Maximum. 

Minimum. 

Mean. 

Depth  in 
inches. 

Second-feet 

per  square 

mile. 

0.64 
1.54 
0.50 
0.40 
0.91 
0.42 
0.29 
0.24 
0.19 

1898. 

March  20-31 

April 

48,  550 
71,  275 
30,  875 
17, 152 

49,  055 
25,  574 
12,  320 
10,  350 

7,876 

7,876 

32,  390 

11,  652 

11,  318 

16,  030 

9,150 

9,150 

7,682 

5,060 

23, 135 

55,  654 
18,  010 
14, 296 
32,  883 
15,  306 
10,  503 
8,573 
7,  008 

0.74 
1.72 

0.58 
0.45 
1.05 
0.48 
0.32 
0.28 
0.21 

May 

June 

July 

August 

September 

October 

November  1-27  ... 

In  order  to  supplement  the  records  at  St.  Paul,  two  parties  for 
measuring  river  flow  were  placed  in  the  field  in  September,  189(),  for  a 
period  of  one  year,  the  object  being  to  obtain  more  precis^  information 
as  to  the  effect  of  the  reservoir  water  upon  the  river  at  St.  Paul.     The 

'  Kept.  Chief  Engineers,  U.  S.  A.,  1898,  p.  1812. 
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first  party  was  located  at  the  mouth  of  Crow  WiDg  River  and  measured 
the  Mississippi,  Crow  Wing,  and  Gull  rivers.  The  second  party  was 
located  at  Anoka  and  measured  the  Mississippi,  Rum,  Crow,  and  Elk 
riversJ  A  view  of  the  apparatus  used  on  Rum  River  at  Anoka  is 
shown  in  PI.  Y  of  the  Nineteenth  Annual  Report,  Part  IV. 

A  list  of  discharge  measurements,  made  at  or  near  St.  Paul  during 
the  fiscal  year  ending  June  30,  1897,  has  been  given  in  the  Report  of 
the  Chief  of  Engineers,  U.  S.  A.,  for  1897,  page  2164.  Following  this, 
on  page  2169,  is  a  comparison  of  run-off  to  rainfall  on  the  watershed 
above  St.  Paul  for  the  years  1894,  1895,  and  1896,  the  principal  figures 
of  which  are  given  below. 

Relation  of  rainfall  and  run-off  above  St.  Paul,  Minnesota. 

[Drainage  area,  36,085  square  miles.] 


Year. 


Rainfall. 


1894 
1895 

1896 


Inches. 
23.55 
22.05 
31.65 


Mean  dis- 
charge. 


Second-feet. 
7,215 
3,912 
8,492 


Per  cent  of 
rainfall. 


11.53 

6.67 

10.12 


The  depth  of  rainfall  given  in  the  above  table  is  assumed  from  the 
mean  of  records  at  the  reservoir;  also  at  St.  Paul  and  at  Morris, 
Minnesota.  The  drainage  area  above  St.  Paul  contains  two  distinct 
meteorological  basins,  drained,  respectively,  by  Minnesota  River,  16,350 
square  miles,  and  by  Mississippi  River  above  the  junction  of  this 
stream,  19,735  square  miles.  The  depth  of  rainfall  on  the  drainage 
basin  of  the  Minnesota  is  less  than  that  on  the  Mississippi,  and  the 
ratio  of  run-ofi*  to  rainfall  is  correspondingly  difiereiit.  - 

The  measurements  of  the  flow  of  Mississippi  River  at  St.  Paul  were 
discontinued  in  December,  1897,  as  it  was  found  that  no  definite  infor- 
mation concerning  the  value  of  the  reservoir  water  could  be  secured 
without  a  more  complete  sysitem  of  measurement  at  numerous  points 
below  as  well  as  above  St.  Paul.  Measurements  were  continued  at  the 
reservoir  dams,  giving  data  for  computing  the  run-ofi*.  A  discussion  of 
the  relation  of  rainfall  and  run-oftl  for  the  three  upper  dams,  Leech 
Lake,  Lake  Winuibigoshish,  and  Pokegama  Falls,  has  been  given  for 
the  years  1885  to  1895,  inclusive,  in  the  Report  of  the  Chief  of  Engi- 
neers for  1896,  on  page  1843. 


»  Kept.  Chief  Engineers,  U.  S.  A.,  1897,  p.  2140. 
^lbid.,p.2169. 
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UPPER    MISSOURI    RIVER    DRAINAGE. 

PRECIPITATION  IN  THE  BASIN  OF  THE  UPPER  MISSOURI  RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
Upper  Missouri  are  at  Virginia  City,  Bozeman,  Martinsdale,  Fort  Logan, 
and  Helena.  The  relative  location  of  these  points  is  shown  on  fig.  79,  in 
connection  with  the  points  of  river  measurement,  which  are  at  Salesville, 
Bozeman,  Redbluff,  Sappington,  Logan,  Threeforks,  and  Townsend. 


Scale  of  mi  les 
to       zo       3o       -^o 


^f.Lq^n 


^3rf//7sals/e  o 


Fig.  79. — lielative  location  of  river  and  rainfall  observations  in  basin  of  the  Upper  Missouri  River. 

The  following  table  gives  the  names  and  location  of  the  stations,  the 
elevations,  and  the  nurnber  of  years  the  observations  have  been  made. 

Location  of  rainfall  stations. 


station. 

County. 

state. 

Latitude. 

Longi- 
tude. 

Eleva- 
tion. 

Length  of 
record. 

Virginia  City  . 

Bozeiuan 

Martinsdale  . . 
Fort  Logan  . . . 

Madison  

Gallatin 

Montana  . . 
do 

0        / 

45  17 

45  40 

46  27 
46  40 
46  35 

0           ' 

111  54 
111  00 

110  23 

111  09 

112  03 

Feet. 

5,600 

4,600 

4,707 

4,108 

Years. 
17-19 
20-22 
8 
12-15 

Meagher 

do  .... 

do 

do 

Helena 

Lewis  and  Clarke 

do  .... 

17-18 
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lu  the  foUowiug  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation  by  months  for 
the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 

Rainfall  at  stations  in  drainage  hasin  of  the  Upper  Missouri  River. 

VIRGINIA  CITY. 


Tear. 


Normal 
1896.... 

1897.... 
1898.... 


Jan. 

Feb. 

Mar. 

1.09 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.52 

0.60 

1.25 

2.74 

2.53 

1.29 

1.22 

1.42 

0.88 

0.80 

0.78 

0.67 

0.65 

0.98 

2.15 

4.28 

1.25 

1.19 

0.86 

1.73 

0.72 

1.84 

0.25 

0.21 

1.28 

2.35 

1.29 

2.91 

3.22 

1.43 

0.52 

1.64 

1.75 

1.77 

1.10 

0.74 

0.33 

2.08 

0.74 

Annual, 


BOZEMAN. 


15.12 
16.57 
19.47 


Normal 

1896 

1897 

1898 


0.96 

0.89 

1.66 

1.80 

3.81 

3.42 

1.15 

1.05 

1.66 

1.31 

0.96 

1.38 

0.50 

0.70 

1.05 

1.45 

5.03 

2.55 

1.15 

0.38 

3.60 

0.55 

1.70 

0.40 

1.10 

1.00 

1.10 

1.58 

0.35 

3.90 

2.59 

0.27 

0.95 

2.92 

(0. 96) 

(1.38) 

0.60 

0.49 

1.62 

1.07 

4.60 

3.18 

0.84 

0.47 

0.93 

20.05 
19.06 
18.10 


MARTINSDALE. 


Normal 

1896..-. 

1897 

1898 


1.32 

0.95 

1.13 

1.14 

1.73 

2.91 

1.66 

0.62 

1.55 

0.84 

1.43 

0.76 

0.65 

0.10 

0.65 

2.80 

4.00 

1.71 

2.53 

0.49. 

2.49 

0.01 

2.10 

0.10 

0.40 

0.80 

0.80 

0.72 

0.96 

3.68 

1.74 

0.68 

0.23 

1.90 

3.15 

0.50 

0.40 

0.18 

1.30 

0.65 

4.43 

4.63 

1.76 

0.24 

1.26 

0.72 

1.00 

0.07 

16.04 
17.63 
15.56 
16.64 


FORT  LOGAN. 


Normal 

1896 

1897 

1898.... 


0.79 


0.62 
0.09 


0.54 
0.02 
0.62 
0.00 


0.19 
0.74 
1.68 


1.11 
0.26 
0.82 
0.66 


2.58 
1.48 
1.22 
4.48 


2.11 
0.62 
3.98 
3.23 


1.43 
2.90 
2.21 
1.76 


1.15 


0.49 


0.87 


0.48 
0.40 


0.72 
0.44 
1.96 
1.23 


1.20 
2.71 
2.59 
2.04 


0.38 


(0.  38) 
0.56 


13.83 


15.62 
16.62 


HELENA. 


Normal 

1896 

1897.... 
1898 


L27 

0.78 

0.69 

1.13 

1.60 

2.40 

1.15 

0.64 

1.21 

0.82 

0.91 

0.86 

0.72 

0.59 

L71 

1.23 

2.25 

0.71 

0.89 

0.86 

2.54 

0.24 

3.29 

0.35 

0.80 

1.49 

L23 

L15 

1.14 

3.66 

1.89 

0.52 

0.66 

0.81 

2.22 

0.59 

0.20 

0.52 

2.39 

0.56 

4.88 

3.52 

1.71 

0.71 

0.87 

1.10 

0.66 

0.28 

13.46 
15.38 
16.16 
17.40 


AVERAGE. 


Normal 

1896 

1897.... 
1898 


0.97 

0.75 

1.10 

1.29 

2.49 

2.67 

1.34 

0.94 

1.34 

0.91 

1.06 

0.83 

15.69 

0.79 

0.41 

0.92 

1.58 

3.41 

1.37 

1.73 

0.65 

2.49 

0.39 

2.33 

0.28 

16.35 

0.63 

1.04 

1.24 

1.11 

1.32 

3.69 

1.97 

0.40 

0.79 

1.87 

2.14 

0.79 

16.99 

0.41 

0.30 

1.81 

0.74 

4.60 

3.64 

1.52 

0.48 

0.87 

1.02 

1.23 

0.30 

16.92 
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Depth  of  run-off,  in  inches,  from  Upper  Missouri  drainage  basin. 
WEST  GALLATIN  AT  SALESVILLE. 


Tear, 


1896. 
1897. 
1898. 


Average 


Jan. 

Feb. 

0.31 

0.30 
0.97 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1.01 
0.85 
1.25 

1.04 

Sept. 

Oct. 

Nov. 

0.44 
0.58 
0.91 

Dec. 

0.33 
0.33 
0.81 

0.33 
0.40 
0.75 
0.49 

0.40 
0.75 
1.09 

0.75 

1.16 
5.15 
3.44 

9.06 
3.64 
6.02 

2.91 
1.76 
2.62 

0.81 
0.65 
1.04 

0.70 
0.70 
1.05 

0.20 
0.60 
1.01 

0.49 

0.53 

3.25 

6.24 

2.43 

0.83 

0.82 

0.64 

0.60 

Annual. 

17.66 
15.71 
20.96 

18.02 


MIDDLE  CREEK  NEAR  BOZEMAN. 


1896. 
1897. 
1898. 


0.68 


2.01 


7.72 


3.44 


0.92 


0.80 


0.79 


4.25 


10.73 


11.42 


9.79 


8.90 


8.40 


6.15 


0.22 


0.27 


Average . 


2.47 


6.37 


9.57 


6.62 


4.91 


4.60 


3.47 


0.22 


0.27 


GALLATIN  AT  LOGAN. 


1896. 
1897. 
1898. 


Average . 


0.48 

0.44 

0.49 

0.49 

0.77 

3.11 

0.86 

0.49 

0.47 

0.48 

0.47 

0.51 

0.49 

0.42 

0.46 

0.68 

2.69 

2.00 

0.49 

0.32 

0.36 

0.44 

0.47 

0.46 

0.09 
0.35 

0.06 

0.46 

0.71 

1.69 

3.15 

0.71 

0.26 

0.45 

0.56 

0.37 

(0.49) 
0.49 

0.34 

0.47 

0.63 

1.72 

2.75 

0.69 

0.36 

0.43 

0.49 

0.44 

9.06 
9.28 
9.00 

9.16 


MADISON  AT  REDBLUFF. 


1896. 
1897. 
1898. 


0.89 


Average . 


0.89 


0.80 


0.89 


1.01 


1.85 
2.16 


0.80 


0.89 


1.01 


2.02 


2.36 
3.21 


1.41 

2.01 


0.93 
1.48 


0.82 
1.20 


2.79 


1.71 


1.21 


1.01 


0.87 
L20 

1.04 


0  90 
0.54 


0.93 


0.72 


0.93 


MADISON  AT  THREEFORKS. 


13.66 


15.02 


1896. 


0.71 


0.67 


0.76 


0.83 


1.06 


2.93 


1.  29  0.  71 


0.68 


0.68 


0.64 


0.67 


11.  63 


JEFFERSON  AT  SAPPINGTON. 


1896. 
1897. 
1898. 


Average . 


0.20 


0.20 


0.18 


0.18 


0.20 
0.17 


0.19 


0.41 
0.44 


0.43 


1.10 
0.77 


0.94 


0.54 
1.01 


0.78 


0.30 
0.44 

0.37 


0.10 
0.14 


0.12 


0.17 
0.09 
0.14 


0.  13 


0.17 
0.12 
0.17 


0.15 


0.19 
0.16 
0.19 


0.18 


0.21 
0.18 


0.20 


3.58 


MISSOURI  AT  TOWNSEND. 


3.87 


1896. 
1897. 
1898. 


Average . 


! 
0.29 

0.27 

0.29 

0.33 

0.60 

L99 

0.72 

0.31 

0.32 

0.31 

0.29 

0.30 

0.22 

0.20 

0.24 

0.55 

1.26 

0.87 

0.43 

0.21 

0.20 

0.26 

0.27 

0.29 

0.24 

0.22 

0.36 

0.46 

0.81 

1.41 

0.49 

0.18 

0.20 

0.24 

0.15 

(0.  24) 

0.25 

0.23 

0.30 

0.45 

0.89 

1.42 

0.55 

0.23 

0.24 

0.27 

0.20 

0.28 

5.71 
5.00 
5.00 

5.31 
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Rainfall  and  run- off. 


■ 
station. 

Normal. 

1896. 

1897. 

1898. 

RArNFALL. 
Virginia,  Clitv                                          .  -. 

15.12 
20.  05 
16.04 
13.83 
13.46 

16.57 
19.06 
17.63 

19.47 
18.10 
15.56 
15.62 
16.16 

i 
i 

RnzftniMii                                               . . 

Martiiisdale              ..    - - 

16.64 
16.62 
17.40 

Fort  Loffan                           ......  .... 

Helena 

15.38 

Averaare . 

15.  70 

17.16 

16.98 

16.89 

RUN-OFF. 

West  Gallatin 

18.02 

9.16 

15.02 

11.63 

3.87 

5.31 

17.66 

9.06 

15.71 

9.28 

13.66 

20.96 
9.00 

■Gallatin 

Madison  at  Redbluff 

Madison  at  Threeforks                  

11.63 

.Jefferson    ... 

3.58 
5.00 

■ 

Missouri 

5.71 

5.00 

10.50 

11.02 

9.45 

11.65 

Percentage  of  rainfall 

66.87 

64.22 

55.65 

68.92 

The  above  percentage  of  run-off  is  notably  large^  and  is  probably 
due  to  the  fact  that  the  measurements  of  rainfall  do  not  represent  the 
precipitation  upon  the  greater  part  of  the  catchment  basin.  The  alti- 
tude of  the  localities  at  which  rainfall  has  been  measured  is  less  than 
that  of  the  country  from  which  the  greater  part  of  the  water  comes.  It 
is  probable  that  the  snowfall  of  the  winter  is  not  only  considerably 
greater  than  might  be  inferred  from  the  figures  given  above,  but  that, 
owing  to  the  low  temperature,  a  large  part  of  the  snow  ultimately 
contributes  to  the  flow  of  the  stream. 


MADISON   RIVER.i 

This  stream  has  its  source  in  Yellowstone  National  Park,  only  a  few 
miles  from  the  Gallatin.  The  country  about  the  head  waters  of  this 
stream  and  for  many  miles  below  is  too  high  for  profitable  husbandry 
except  that  of  summer  stock  ranging,  for  which  it  is  famous.  Settle- 
ments begin  at  the  mouth  of  Indian  Creek,  perhaps  50  miles  below 
its  source,  and  some  water  is  used,  principally,  however,  from  side 
streams  tributary  to  the  main  river.  About  15  miles  below  the  mouth 
of  Indian  Creek  ranches  devoted  to  diversified  farming — grain,  hay,  and 
live  stock — are  opened  up,  and  a  very  rich  and  fertile  valley  extends  10 
miles  below  Ennis,  where  the  river  enters  the  Madison  Canyon.  In 
this  locality  are  numerous  sheep  ranches,  the  leading  crop  being  altalfa 
for  winter  feed. 

'  From  report  by  Mr.  S.  M.  Emery,  Director  of  Experiment  Station,  Bozeman,  Montana. 
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The  canyon  of  the  Madison  extends  from  about  10  miles  below  Ennis 
to  the  iron  bridge  near  the  month  of  Cherry  Creek,  at  which  place  the 
gaging  station  is  located.  At  high  water  this  canyon  is  impassable  to 
rowboats,  owing  to  the  numerous  falls  and  rai)ids.  Accurate  surveys 
of  the  rivei*  in  this  vicinity  have  been  made  with  a  view  to  locating  an 
extensive  mining  water  power.  The  possibilities  of  this  power  are  said 
to  be  exceeded  only  by  that  of  the  Missouri  at  Great  Falls,  Montana. 
The  location  of  such  a  plant  will  call  for  a  large  production  of  farm  com- 
modities and  enhance  the  value  of  all  the  farming  area  tributary  thereto. 

Below  the  mouth  of  the  canyon  the  valley  of  the  Madison  widens 
until  it  joins  the  valley  of  the  Gallatin.  Upon  the  foothills  of  the 
divides  between  both  the  Madison  and  Gallatin  and  the  Madison  and 
Jefferson  are  broad  plateaus,  whose  heights  are  such  as  to  render 
impossible  the  diversion  of  water  by  individual  eftbrt.  This  must  be 
done,  if  at  all,  by  cooperation  or  by  corporate  capital.  In  1890  the 
Anaconda  Copper  Company,  of  Butte,  Montana,  purchased  several 
thousand  acres  of  land,  lying  in  the  three  forks  of  the  Gallatin,  Madi- 
son, and  Jefferson,  with  the  intention  of  establishing  there  an  extensive 
smelter  plant.  It  was  part  of  the  plan  to  divert  the  waters  of  the 
Madison  to  cover  the  smelter  location,  which  was  considerably  higher 
than  the  natural  water  level  at  Threeforks.  Of  the  three  streams — the 
Jefferson,  Madison,  and  Gallatin — the  waters  of  the  Madison  are  of  the 
least  immediate  value  for  irrigation  and  possess  the  greatest  possibilities 
of  future  manufacturing  value.  It  is  noteworthy  that  all  of  the  streams 
in  this  region  are  remarkably  pure  and  free  from  matter  objectionable 
in  irrigation  or  in  domestic  use.  Although  there  are  great  quantities 
of  alkaline  or  earthy  salts  in  the  soils  of  the  valleys  of  Montana,  yet 
these  are  seldom  encountered  in  solution  in  the  water  of  the  streams. 


Estimated  monthly  discharge  of  Madison  River  at  Redhluff,  Montana. 

[Drainage  area,  2,085  square  miles.] 


Month. 


1898. 
May  7-31... 

June 

July 

August 


6,375 
8,000 
4,425 
3,125 

September |     2,  800 

October 2,  312 

November  1-14  .... 


Discbarge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


2,  962 


3,450 


2,800 
2,150 
2,150 
2,150 


Mean. 


4,834 
6,001 
3,623 
2,679 
2,258 
2,160 
2,150 


Total  in  acre- 
feet. 


297,  233 
357,  084 
222,  771 
164,  726 
134,  360 
132,  814 
127,  934 


Kun-oft'. 


Depth  in 
inches. 


2.67 
3.21 
2.01 
1.48 
1.20 
1.20 
1.15 


Second- 
feet  per 
square 
mile. 


2.32 
2.88 
1.74 
1.28 
1.08 
1.04 
1.03 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  71; 
measurenientH,  page  74  ;  rating  table,  page  75.  Results  for  1897  in  Wator-Supply  and  Irrigation  Paper 
No,  15,  page  69,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  279  to  280. 
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Fig.  80.— Discharge  of  Madison  River  at  Redbluflf,  Montana,  1898. 

JEFFERSON  RIVER. 

Jefferson  River,  although  the  ])rincipal  source  of  the  Missouri,  is  the 
shortest  of  the  three  streams,  from  the  fact  that  the  name  is  applied 
to  an  extent  of  less  than  100  miles — that  is,  from  the  junction  of  the 
Ruby,  Beaverhead,  and  Bighorn  rivers,  near  Twin  Bridges,  Montana, 
to  Threeforks,  where  Jefferson  River,  together  with  Madison  and  Gal- 
latin rivers,  unite  to  form  Missouri  River.  Beginning  at  Twin  Bridges 
there  is  on  the  east  side  of  the  river  a  large  area  of  tillable  land, 
extending  downstream  a  distance  of  perhaps  50  miles  to  the  mouths  of 
North  and  South  Boulder  creeks,  which  are  tributary  to  Jefferson 
River.  At  the  mouth  of  the  two  Boulder  creeks  the  stream  enters  and 
traverses  a  canyon  until  the  vicinity  of  Willow  Creek  is  reached,  a  dis- 
tance of  about  25  miles.  At  Willow  Creek  the  Gallatin  Valley  is 
entered,  and  there  is  ample  opportunity  for  the  use  of  water  from  this 
stream. 

Surveys  have  been  made  which  lead  to  the  belief  that  water  from 
Jefferson  River  can  be  diverted  above  Whitehall  and  conducted  by  a 
high-line  canal  across  or  around  Boulder  Mountains,  so  as  to  irrigate  a 
large  area  of  valuable  land  now  lying  idle  in  what  is  called  the  Crow 
Creek  Basin.  This  creek  is  a  tributary  to  the  Missouri  River  in  the 
vicinity  of  Toston,  Montana.  As  yet  but  a  small  amount  of  the  water 
of  Jefferson  River  has  been  employed  in  irrigation.  The  ditches  in  use 
are  small,  usually  cooperative  in  character,  and  have  been  easy  and  cheap 
of  construction.  The  future  canal  work,  if  extensive,  must  be  done  by 
the  General  Government  or  by  wealthy  corporations,  and  will  nMider 
valuable  large  areas  both  in  the  Gallatin  and  Crow  Creek  Aalleys, 
which  are  now  unproductive  except  as  range  lands.     These  lands  when 
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reclaimed  possess  the  merit  of  being  easy  of  access  to  the  Xorthern 
Pacitic  Railway  and  will  be  valuable  for  farming. 

Estimated  monthly  discharge  of  Jefferson  River  at  Sappington,  Montana. 

[Drainage  area,  8,984  square  miles.] 


Month. 


Discliaroe  in  second-feet. 


Maxi- 
mnm. 


Mini- 
mum. 


Mean. 


1898. 
Jauuarv  

I. 

February  

March  2, 100 

April 1  6,  .720 

May I  10, 130 

Juue 9,730 

July I  6,220 

August 1,310 

September 1,  620 

October 1,  540 

November 1,  800 


1,150 
1,390 
3,  500 
5,100 
1,390 
1,  000 
1,000 
1, 150 
1,390 


a  1,  500 
« 1,500 
1,368 
3,472 
5,982 
8,143 
3,440 
1,060 
1,182 
1,351 
1,509 


Run-off. 


Total  in  acre- 
feet. 


December al,  400 

The  year 


10, 130 


1,000 


2,659 


a  92,  232 

a  83,  306 

84, 116 

206,  598 

367,  821 

484,  541 

211,519 

65, 177 

70,  334 

83,  070 

89,  792 

a  86,  083 


I 


Deptli  in 
inches. 


160,  382 


a  0.20 
a  0.18 
0.17 
0.44 
0.77 
1.01 
0.44 
0.14 
0.14 
0.17 
0.19 
«0. 18 


0.34 


Second - 

feet  per 

square 

mile. 


a  0.17 
a  0.17 
0.15 
0.39 
0.67 
0.91 
0.38 
0.12 
0.13 
0.15 
0.17 
a  0.16 


0.30 


a  Approximate. 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  71, 
measurements,  page  74 ;  rating  table,  page  75;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  70,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  281-283. 
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Fig.  81.— Discharge  of  Jefferson  River  at  Sappington,  Montana,  1898. 
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GALLATIN   RIVER.' 

Gallatin  River,  one  of  the  three  principal  sources  of  the  Missouri, 
has  its  origin  in  Yellowstone  National  Park.  About  75  miles  below  its 
head  it  debouches  from  Gallatin  Canyon  into  the  fertile  Gallatin  Yal- 
ley,  a  region  having  an  extent  in  round  numbers  of  1,200  square  miles. 
In  this  valley  the  crops  have  been  uniformly  successful  for  thirty  years, 
the  wheat  and  barley  being  of  particularly  fine  quality. 

For  many  years  those  farming  this  valley  have  pursued  the  summer- 
fallow  system — that  is,  they  permit  from  one-third  to  one-half  of  the 
total  cultivated  farm  areas  to  lie  idle  each  season,  to  be  plowed  in  June 
for  the  succeeding  crop.  These  fallow  lands  are  not  irrigated  during 
the  idle  period,  but  with  the  advent  of  a  more  enlightened  policy  this 
system  is  giving  way  to  clover  and  legume  culture  of  the  otherwise 
idle  tracts.  As  a  result  of  this  change  in  custom  is  due  the  demand 
for  larger  quantities  of  water  than  have  been  in  use.  Although  a 
large  part  of  the  western  boundaries  of  the  valley  is  formed  by  the 
Jefferson  River,  nearly  all  of  the  cultivated  land  is  at  present  irrigated 
from  Gallatin  River  and  its  principal  tributaries — Bear,  Cottonwood, 
Middle,  Bozeman,  Rocky,  Bridger,  Reese,  and  Dry  creeks.  The  sup- 
ply has  usually  been  adequate,  owing  to  the  diminution  of  total  area 
resulting  from  letting  lands  lie  fallow.  A  view  of  the  headgates  of  one 
of  the  principal  canals  is  given  in  PI.  XYI. 

Large  tracts  of  lauds  adjacent  to  the  valley  proper  and  extending 
back  into  the  foothills  of  the  surrounding  mountain  ranges  are  farmed, 
the  crops  of  winter  wheat  being  raised  without  irrigation.  By  deep 
plowing  and  intensive  culture  this  area  of  so-called  "  dry  farming ''  can 
be  extended  farther  out  into  the  valley  than  it  is  now  and  thus  some 
relief  be  aftbrded  to  the  demands  for  water.  On  the  other  hand,  there 
are  still  extensive  areas  of  this  valley  bordering  Gallatin  River  and  at 
or  near  the  center  of  the  valley  which  have  been  neglected  as  farm 
lands,  owing  to  the  fact  that  the  soil  is  somewhat  gravelly.  It  has 
been  recently  determined  that  these  lands  are  well  adapted  to  alfalfa 
culture,  and  they  are  being  bought  from  the  Northern  Pacific  Railway 
Company  to  be  used  for  producing  this  forage  plant.  This  will  call  for 
water  in  addition  to  that  already  in  use. 

A  comparatively  small  amount  of  water  from  Gallatin  River  proper 
has  been  taken  out  for  irrigation  purposes,  though  some  large  ditches, 
with  capacities  of  40  to  50  second-feet,  are  now  under  process  of  con- 
struction. This  river  is  one  of  the  most  regular  in  its  volume  of  sup- 
ply in  the  State,  and  the  rights  to  water  from  this  source  are  highly 
regarded  because  of  their  permanency. 


'From  report  by  Mr.  S.  M.  Emery,  Bozeman,  Montana. 
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Estimated  monthly  discharye  of  Gallatin  River  at  Logan,  Montana. 

[Draiuagc  area,  1,620  square  miles.] 


Month. 


1898. 

Jauuary 

Febrniiry . . 

March   

April 

May 

June 

July 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


August. 


September  .  ... 

October 

November  1-21 
December 


The  year 


730 

1,720 

4,757 

6,107 

2,462 

370 

730 

820 

820 


6,107 


595 
640 
1,000 
2,  597 
370 
370 
370 
730 
730 


370 


a  1,000 

a  700 

653 

1,029 

2,385 

4,577 

1,004 

370 

646 

790 

762 

a  800 


Total  in  acre- 
feet. 


1,226 


a  61,  488 

a  38,  876 

40, 152 

61,  230 

146,  649 

272,  350 

61,  734 

22,  751 

38,  440 

48,  576 

45,  342 

a  49, 190 

886,  778 


Run  ott". 


Depth  in 
inches. 


Second - 

feet  per 

square 

mile. 


a  0.71 
rtO.  45 
0.46 
0.71 
1.69 
3.15 
0.71 
0.26 
0.45 
0.56 
0.53 
a  0.56 


10.24 


a  0.62 
a  0.43 
0.40 
0.64 
1.47 
2.83 
0.62 
0.23 
0.40 
0.49 
0.47 
a  0.49 

0.76 


a  Approximate. 

Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  70; 
measurements,  page  74;  rating  table,  page  75.  Results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  08,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  277  to  278. 
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Fig.  82. — Discharge  of  Gallatin  River  at  Logan,  Montana,  1898. 
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WEST   GALLATIN   RIVER. 

Estimated  monthly  discharge  of  West  Gallatbi  River  at  Salesville,  Montana. 

[Drainage  area,  860  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January  

February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November  . . 
December  .. 


The  year 


630 
1,420 
5,051 
7,226 

2,702 
1,100 
900 
840 
780 
960 


7,226 


Mini- 
mum. 


Mean. 


Total  in  acre- 
feet. 


560 
590 
960 
2,615 
1,145 
840 
780 
780 
670 
630 


560 


a  600 

a  800 

556 

841 

2,564 

4,642 

1,  948 

931 

810 

784 

704 

756 


1,328 


c  36,  893 

a  44,  430 

34, 187 

50,  043 

157,  655 

276,  218 

119,  779 

57,  245 

48, 198 

48,  207 

41, 891 

46,  485 


961,  231 


Run -off. 


Depth  in 
inches. 

a  0.81 

a  0.97 

0.75 

LOO 

3.44 

6.02 

2.62 

1.25 

1.04 

1.05 
0.91 
LOl 


Second- 
feet  per 
square 
mile. 


a  0.70 
a  0.93 
0.65 
0.98 
2.98 
5.40 
2.27 
1.08 
0.94 
0.91 
0.82 
0.88 


20.96  :       1.55 


a  Approximate. 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  ^o.  27,  page  69; 
measurements,  page  74;  rating  table,  page  74;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  1.5,  page  66,  and  in  the  Nineteenth  Annual  Eeport,  Part  IV,  pages  275  to  277. 
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Fig.  83.— Discharge  of  West  Gallatin  River  at  Salesville,  Montana,  1898. 
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A  view  of  West  Gallatin  Eiver  is  shown  in  PI.  XVI.  This  is  at  the 
head  gate  of  the  West  Gallatin  Irrigation  Company's  canal  in  Galla- 
tin County,  Montana.  This  head  gate  is  located  on  the  west  bank  of 
the  river  in  T,  3  S.,  R.  4  E.,  sec.  33.  The  torrential  character  of  the 
stream  is  shown  by  the  ripples  in  the  bed  and  the  size  of  the  bowlders 
along  the  banks.  In  PI.  XVII  is  given  a  view  of  the  flume  and  trestle 
across  Rocky  Canyon,  leading  from  a  tunnel  of  the  West  Gallatin 
Irrigation  Company's  canal. 

MIDDLE   CREEK. 

Middle  Creek,  so  called  from  being  the  middle  stream  lying  between 
Cottonwood  and  Sour  Dough  or  Bozeman  creeks,  is  one  of  the  most 
important  feeders  to  the  West  Gallatin  River.  Rising  as  it  does  in  the 
Gallatin  Mountains  on  the  north  slope,  and  in  the  neighborhood  of  very 
high  mountains,  its  watershed  has  a  heavy  snow  and  rain  fall.  The 
mountain  slopes  are  well  timbered,  and  an  area  of  about  43,000  acres 
was  set  aside  by  Presidential  proclamation  in  1899  as  the  Gallatin 
Forest  Reserve.  Approximately  the  same  number  of  acres  belonging 
to  and  constituting  a  i)art  of  the  land  grant  of  the  Xorthern  Pacific 
Railway  lies  alongside  of  this  reserve.  Thus  there  is  a  compact  and 
valuable  timbered  area  of  advantage  in  the  conservation  of  the  water 
supply  of  Middle  Creek.  This  reserve  was  created  in  large  i)art  upon 
the  advice  and  request  of  the  Montana  Experiment  Station  and  Agri- 
cultural College,  as  it  is  proposed  to  make  a  special  study  of  irrigation 
by  the  station  and  of  forestry  by  the  college. 

The  water  of  Middle  Creek  is  in  large  part  owned  by  the  Middle 
Creek  Ditch  Company,  whose  rights  run  back  to  1868.  There  are  other 
interested  owners  of  Middle  Creek  water,  but  the  statutory  amount  of 
water  must  first  be  supplied  to  the  Middle  Creek  Ditch  Company  before 
later  rights  are  entitled  to  any  water.  This  condition  of  aifairs  exists 
only  in  periods  of  low  water  in  extremely  dry  seasons.  Their  canal  or 
ditch  carries  about  50  second-feet  of  water  and  is  for  about  5,000  acres 
of  land.  The  gradual  abandonment  of  the  fallow  system  and  the  plant- 
ing of  clover  on  the  lands  previously  idle  is  rendering  it  necessary  to 
add  to  the  water  supply.  This  will  be  accomplished  by  the  reservoir 
system,  there  being  a  number  of  exceptionally  fine  reservoir  sites  on 
the  headwaters  of  the  stream.  A  low  value  has  always  been  attached 
to  this  water,  the  highest  selling  price  for  a  50-inch  right  being  $350. 
That  it  is  possible  to  administer  such  property  cheaply  is  shown  by 
the  assessment  for  1898,  which  was  $4  per  share,  and  that  of  1899,  $2.50 
per  share.  There  are  60  shares  of  stock  in  the  company,  and  practi- 
cally the  sole  annual  expense  of  administration  is  the  salary  of  a  water 
tender  through  the  irrigation  season. 

It  may  be  of  interest  to  note  that  the  irrigation  plan  of  the  Montana 
.Experiment  Station  contemplates  examining  the  entire  farm  lands  under 
the  Middle  Creek  Ditch.  It  is  a  matter  of  small  interest  to  farmers 
already  located  under  streams  whose  surplus  water  has  long  since  been 
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apportioned  that  Montana  has  to-day  more  available  water  for  irriga- 
tion iu  the  aggregate  than  any  other  State.  These  men  are  not  situated 
where  the  excess  waters  can  be  diverted  to  them.  It  is  confidently 
believed,  however,  that  a  much  less  water  consumption  per  acre 
can  be  profitably  employed  than  is  now  used.  Intelligent  economy 
of  usage  results  substantially  the  same  as  an  increased  supply.  In 
many  parts  of  the  State,  so  excessive  has  been  the  use  of  water  that 
injurious  amounts  of  alkali  have  been  brought  to  the  surface.  This 
originally  existed  in  crystalline  form  far  below  the  surface,  but,  dis- 
solved by  the  too  free  use  of  water,  it  has  been  brought  up  through  the 
soil  to  again  be  crystallized  by  evaporation,  with  the  result  of  impair- 
ing the  value  of  the  land.  The  actual  amount  of  water  required  under 
normal  conditions  to  successful  crop  production  will  be  the  subject  of 
one  of  the  most  important  investigations  undertaken  by  the  Montana 
Experiment  Station.  A  view  of  the  method  of  measuring  Middle  Creek 
is  given  on  PL  XYJII,  A;  and  on  PI.  XVIII,  B,  is  shown  the  gaging 
station  on  West  Gallatin  River. 

Estimated  monthly  discharge  of  Middle  Creek  at  Bozeman,  Montana. 

[Drainage  area,  55  square  miles.] 


Month. 


1898. 
April  18-30. 

May 

June 

July 


Discharge  in  seconilfeet. 


Maxi- 
mum. 


August. 


September  . . 
October  1-22 
November ... 
December  . . . 


575 
725 
522 
432 
417 
417 


Maxi- 
mum. 


455 
470 
440 
417 
403 
410 


Mean. 


484 
511 
563 
476 
424 
414 
413 
a  500 
a  400 


Total  in  acre- 
feet. 


28,  000 
31,  420 
33,  501 

29,  268 
26,  071 

24,  635 

25,  395 
29,  752 
24,  595 


E,un-off. 


Depth  in 
inches. 


9.82 

10.73 

11.42 

9.79 

8.90 

8.40 

8.66 

10.14 

8.38 


Second- 
feet  per 
square 
mile. 


8.80 
9.29 
10.24 
8.66 
7.71 
7.53 
7.51 
9.09 
7.27 


a  Approximate. 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  70; 
measurements,  page  74;  rating  table,  page  75.  Results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  67,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  271. 


MISSOURI  RIVER  BELOW  THREE   FORKS. 

A  reconnaissance  of  Missouri  Eiver  from  Threeforks  to  Fort  Benton 
was  made  in  1872  by  Mr.  Thomas  P.  lioberts,  then  employed  by  the 
Northern  Pacific  Kailroad  Company.  The  results  were  printed  in  1875, 
under  authority  of  the  Secretary  of  War,  for  the  use  of  the  Engineer 
Department.     Mr.  Roberts  states  that  on  July  27, 1872,  a  measurement 
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of  the  tributaries  of  Missouri  Kiver  was  made  at  Threeforks,  giving  the 
following  results:  Jefferson  River,  3,778  second-feet;  Madison  Kiver, 
2,670  second-feet;  Gallatin  River,  2,090  second-feet.  Total  Missouri, 
8,538  second-feet.  On  this  date  the  Missouri  River  was  reported  to  be 
8  inches  above  low-water  mark. 

At  French  Bar,  about  71  miles  below  Threeforks,  cross  sections  were 
taken  at  a  narrow  but  favorable  place,  where  the  width  was  255  feet, 
average  depth  7.73  feet,  average  velocity  5.5  feet  per  second.  The  esti- 
mated discharge  was  10,000  second-feet.  On  August  12, 1872,  measure- 
ments were  made  at  Fort  Benton,  the  river  being  11  inches  above  low 
water.     The  discharge  was  found  to  be  11,132  second-feet. 

Later  measurements  have  been  made  at  various  points  along  Missouri 
River,  as  described  in  the  Twelfth  Annual  Report,  Part  II,  pages  236 
and  237.  Temporary  river  stations  were  established  at  Canyon  Ferry, 
Craig,  Toston,  and  finally  at  Townsend,  where  the  Missouri  River  Com- 
mission has  maintained  observations  of  river  height  since  1891.  The 
discharges  given  in  the  following  table  are  based  upon  the  heights  thus 
observed  during  1898  and  upon  occasional  measurements  of  river  flow 
by  Mr.  Roe  Emery. 


Estimated  monthly  discharge  of  Missouri  River  at  Townsend,  Montana. 

[Drainage  area,  14,500  square  miles.] 


Month. 


1898. 

January  

February  

March  

April  

May 

June 

July 

August 

September 

October 

November  1-19 
December 


The  year 


Discharge  in  second-feet. 


Maxi 
mum. 


15,  940 

8,770 

21,  290 

25,  010 

10,  180 

2,870 

2,870 

3,830 

3,830 


25,  010 


Mini- 
mum . 


2,870 
3,190 
5,795 
9,645 
2,870 
2,100 
2,245 
2,550 
2,870 


2,100 


Mean. 


a  3,  000 

a  3,  000 

4,490 

5,989 

10,  205 

18,  308 

6,190 

2,374 

2,621 

3,154 

3,  342 

a  3,  000 


5,472 


Total  in  acre- 
feet. 


184,  464 
166,  611 
276, 081 
356,  369 
627,  485 
1,  089,  399 
380,  611 
145,  973 
155,  960 
193,  933 
198,  862 
184,  464 


3,  960,  212 


Eun-off. 


Depth  in 
inches. 


0.24 
0.22 
0.36 
0.46 
0.81 
1.41 
0.49 
0.18 
0.20 
0.24 
0.26 
0.24 


5.11 


Second- 
feet  per 
square 
mile. 


0.21 
0.21 
0.31 
0.41 
0.70 
1.26 
0.43 
0.16 
0.18 
0.22 
0.23 
0.21 


0.38 


a  Approximate. 

Note.— Gage  heiglits  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  72; 
measurements,  page  75;  rating  table,  page  76.  Results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  65,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  283  to  285. 
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Fig.  84.— Dischargee  of  Missouri  River  at  Townsend,  Montana,  1898. 

MILK  RIVER  AT  HAVRE. 

Measurements  of  Milk  Eiver  were  begun  on  May  15,  1898,  at  a  point 
about  a  quarter  of  a  mile  northwest  of  Havre,  Montana.  The  floods  of 
the  early  spring  had  already  subsided,  so  that  the  results  given  in  the 
following  table  and  in  fig.  85  do  not  represent  the  highest  water  of  the 
year. 

Estimated  montlily  discharfje  of  Milk  liiver  at  Havre,  Montana. 
[Drainage  area,  7,:^00  square  miles.] 


Month. 


1898. 

May  15-31 

June 

J"iy 

August 

September  .... 

October 

November  1-19 
December 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


2,432 

836 

2,546 

200 

950 

0 

893 

33 

104 

11 

125 

11 

110 

93 

125 

110 

Mean. 


Total  in  acre- 
feet. 


1,  396 

1,354 

168 

113 

53 

88 

100 

113 


85,  837 
80,  568 
10,  330 
6,948 
3,154 
5,411 
5,950 
6,948 


Run-off. 


Depth  in 
inches. 


0.22 
0.21 
0.02 
0.02 
0.01 
0.01 
0.01 
0.02 


Second - 

feet  per 

square 

mile. 


0.19 
0.19 
0.02 
0.02 
0.01 
0.01 
0.01 
0.02 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  72; 
measurements,  page  75,  and  rating  table,  page  76. 
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Sec.-ft. 
6,000 

5,500 
5,000 
4,500 


Fig.  85.— Discharge  of  Milk  River  at  Havre,  Montana,  1898. 

YEI.LOWSTOKE  DRAINAGE  BASIN. 

The  drainage  basin  of  Yellowstone  River  includes  a  portion  of  south- 
eastern Montana  and  the  northern  part  of  Wyoming.  The  principal 
streams  besides  the  Yellowstone  are  the  Bighorn,  which  receives  the 
water  from  the  slope  of  the  Absoroka  Range,  and  also  from  the  western 
slope  of  the  Bighorn  Mountains.  To  the  east  of  this  is  Eosebud  River, 
draining  the  northern  slopes  of  the  Bighorn  Mountains,  and  the  Tongue 
and  Powder  rivers,  obtaining  their  water  from  the  eastern  slopes  of 
these  mountains.  On  the  head  waters  of  the  latter  streams,  particu- 
larly in  the  vicinity  of  Buffalo  and  Sheridan,  Wyoming,  irrigation  has 
been  largely  developed  and  the  water-storage  i)roblem  has  become  of 
great  importance.  The  conditions  are  more  fully  described  in  Water- 
Supply  and  Irrigation  Paper  No.  23,  entitled  ''  Water-Right  Problems 
of  the  Bighorn  Mountains.'^ 


YELLOWSTONE    RIVER.' 

Yellowstone  River  has  its  source  in  the  lake  of  the  same  name,  situ- 
ated in  Yellowstone  National  Park.  This  river  flows  in  a  northerly 
course  into  Montana,  through  which  it  continues  to  its  junction  with 
the  Missouri  near  the  North  Dakota  line.  The  Yellowstone  Valley 
contains  the  largest  body  of  irrigable  land  in  the  State.  Its  altitude 
is  about  2,500  feet.  This  comparatively  low  elevation,  with  favorable 
climate,  especially  in  the  winter  season,  renders  this  section  remarkably 
well  adapted  to  live  stock.     As  pointed  out  by  Mr.  S.  M.  Emery,  the 

'  From  report  by  Mr.  S.  M.  Emery,  Bozeraan,  Montana. 
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Montana  snowfall  is  not  so  heavy  usually  as  that  of  the  States  to  the 
eastward,  and  that  which  falls  is  driven  into  the  coulees  and  draws  by 
the  force  of  the  winds,  thus  leaving  the  land  in  large  part  free  of  suow 
and  the  cured  grass  accessible  to  live  stock.  This  peculiarity  of  the 
winds  and  the  natural  adaptabiUty  of  the  soil  of  this  valley  to  alfalfa 
production  must  convert  this  extensive  region,  500  miles  in  length  and 
from  2  to  10  miles  in  width,  into  a  vast  summer  and  winter  feeding 
ground  for  both  cattle  and  sheep. 

The  oldest  alfalfa  fields  of  the  Yellowstone  have  been  seeded  for 
fourteen  years  and  are  still  profitable  to  the  farmer,  but  it  is  probable 
that  he  can  not  afford  to  keep  these  fertile  lands  seeded  indefinitely. 
The  natural  increment  to  soil  from  the  combined  effects  of  the  collec- 
tions of  nitrogen  legumes  and  the  consumption  of  the  forage  by  sheep 
will  soon  fit  these  soils  for  large  crops  of  wheat,  oats,  and  barley.  Brew- 
eries and  flour  mills  are  rapidly  springing  up  in  this  territory  and  the 
development  of  the  coal  fields  of  Carbon  County,  situated  upon  Clarks 
Fork  of  the  Yellowstone,  will  create  an  active  demand  for  farm  produce 
of  all  kinds. 

There  are  extensive  areas  of  extremely  fertile  soil  upon  the  vast 
benches  between  the  Yellowstone  and  Missouri,  much  of  which  is  capa- 
ble of  irrigatioQ  by  water  from  Yellowstone  River,  and  it  is  probable 
that  great  enterprises  for  this  purpose  will  be  undertaken.  Chemical 
analysis  of  the  waters  indicate  that  they  are  naturally  fairly  free  from 
alkali  and  possess  great  value  for  use  on  the  lands. 

The  point  of  measurement  of  the  Yellowstone  River  is  at  the  high- 
way bridge,  5  miles  south  of  Livingston,  Montana,  at  the  mouth  of  Yel- 
lowstone Canyon.  Observations  were  begun  at  this  point  on  May  2, 
1897,  and  were  continued  through  1898,  the  results  being  shown  on  page 
73  of  Water-Supply  ?aper  No.  27.  The  following  measurements  of  dis- 
charge were  made  during  1898: 

List  of  discharge  measuremenis  made  on  Tellowstone  Eiver  at  Livingston,  Montana. 


Date. 

,      Hydrographer. 

Gage 
height. 

Discharge. 

April  14 

Roe  Emer V 

Feet. 
1.40 
4.17 
6.80 
3.90 
2.80 
2.60 
1.80 
1.40 
1.30 
1.20 

Second-feet. 
2,490 
8,571 
19,  782 
'5,  948 
4,501 
4,165 
3,248 
2,465 
2,255 
2,123 

May  16 

June  21 

July20 

August  7 

August  31 

September  15 

October  6  

do 

do 

do 

do 

do 

do 

do 

October  23 

do 

November  2 

do 
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Estimated  monthly  discharge  of  Yellowstone  River  at  Livingston,  Montana. 

[Drainage  area,  3,580  square  miles.] 


Month. 


Discharge  in  second  feet. 


Maxi- 
mum. 


1898. 

January 

February , 

March  1-21 

April , 

May 

June 

July 

August j  5,  039 

September j  3,  944 

October 2,  776 


2,119 

5,039 

15,  622 

23,  239 

12,  621 


November 
December 


The  year 


2,192 


23,  239 


Mini- 
mxim. 


1,608 
1,973 
3,506 
8,696 
5,039 
3,579 
2,630 
2,192 
1,754 


Mean. 


a  1,500 

a  1,800 
1,900 
2,895 
7,560 

14,  976 
8,560 
4,356 
3,134 
2,456 
1,985 

a  1,600 


4,394 


Total  in  acre- 
feet. 

a  92,  232 

a  99,  967 

116,  827 

172,  264 

464,  849 

891, 132 

526,  337 

267,  842 

186,  486 

151,  015 

118, 115 

98,  381 

3, 185,  44Y 

Run-oflf. 


Depth  in 
inches. 


a  0.48 
a  0.52 
0.61 
0.90 
2.44 
4.66 
2.76 
1.39 
0.98 
0.  79 
0.61 
a  0.52 

16.66 


Second- 
feet  per 
square 
mile. 


a  0.42 
a  0.50 
0.53 
0.81 
2.11 
4.18 
2.39 
1.21 
0.88 
0.69 
0.55 
a  0.45 


1.23 


a  Approximate. 
Note.— Gage  heights  for  1398  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  73, 
rating  table,  page  76;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No.  15,  page  74,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  pages  287  to  289. 
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Fig.  86. — Discharge  of  Yellowstone  River  at  Livingston,  Montana,  1898. 
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SHOSHONE    RIVER. 

Shoshone  Eiver  is  the  largest  tributary  of  Bighorn  Eiver.  It  heads 
in  the  mountains  on  the  east  of  the  Yellowstone  National  Park^  and 
flows  in  a  general  northeasterly  course  through  the  Bighorn  Basin.  A 
station  for  measuring  the  amount  of  water  was  established  at  Lovell  on 
May  23, 1897.  The  results  of  observations  of  height  during  1898  have 
been  printed  on  page  73  of  Water-Supply  and  Irrigation  Paper  No.  27. 
No  discharge  measurements  were  made  during  1898. 

Estimated  monthly  discharge  of  Shoshone  River  at  Lovell,  Wyoming. 

[Drainajie  area,  2,720  square  miles.] 


Month. 


1898. 

April 

May 

June 

July 

August 

September 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

3,640 

270 

886 

12,  340 

600 

4,367 

11,  180 

3,350 

7,458 

8,280 

1,250 

4,576 

2,770 

270 

1,288 

2,190 

150 

414 

Total  in  acre- 
feet 


52,  721 

268,  518 

443,  781 

281,  369 

78, 197 

24,  635 


Kun-ofF. 


Depth  in 
inches. 


0.37 
1.86 
3.05 
1.94 
0.54 
0.17 


Second- 
feet  per 
square 
yard. 


0.33 
1.61 
2.74 
1.68 
0.47 
0.15 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  73,  rating 
table,  page  76;  results  for  1897  are  given  in  Water-Supply  and  Irrigation  Paper  Xo.  15,  page  76,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  pages  290  to  293. 
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ria.  87.— Discharge  of  Shoshone  River  at  Lovell,  Wyoming,  1898. 
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CLEAR    CREEK. 

Clear  Creek  is  one  of  the  most  important  tributaries  of  Powder  River, 
receiving  the  drainage  from  Cloud  Peak  and  other  portions  of  the  sum- 
mits of  Bighorn  Mountains.  The  location  of  the  stream  and  its  prin- 
cipal tributaries,  together  with  the  irrigation  systems  taking  water 
from  these,  is  shown  on  fig.  2  of  Water-Supi^ly  and  Irrigation  Paper 
No.  23.  The  point  of  measurement  is  about  4  miles  west  of  Buffalo, 
Wyoming,  at  a  flume  erected  for  fhis  purpose  shown  on  PI.  XIX,  A, 
The  results  of  observations  for  1898  are  shown  on  page  73  of  Water- 
Supply  Paper  Xo.  27.  Xo  discharge  measurements  were  made  during 
1898.  Observations  at  this  point  were  begun  in  1889,  but  there  were 
not  sufficient  measurements  made  to  allow  the  discharge  for  1890  to  be 
computed.  One  measurement  was  made  soon  after  the  rod  was  put  in 
place,  but  the  meter  was  damaged  before  the  work  was  completed  and 
the  results  are  not  considered  trustworthy,  and  it  was  not  until  1894 
that  estimates  were  available.  The  figures  for  a  portion  of  1894,  1896, 
and  1897  have  been  jirinted  on  page  30  of  Water-Supply  and  Irrigation 
Paper  Xo.  23. 


Estimated  inonihhj  discharge  of  Clear  Creek  at  Buffalo,  Wyoming. 

[Drainage  area,  118  square  miles.] 


Month. 


1898. 

January. 

February ... 

March , 

April 

May  15-31  . . 

June 

July 

August 

September  . 

October 

November  . . 
December  . . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


853 

303 

92 

39 

46 


303 
82 
17 
17 
29 


Mean. 


a  20 

a  20 

a  21 

a  150 

461 

576 

176 

48 

27 

38 

a  26 

a  19 


132 


Total  in  acre- 
feet. 


a  1,  229 
a  1,111 
a  1,  291 
a  8,  926 

33,  346 

34,  274 
10,  822 

2,951 

1,607 

2,337 

a  1, 547 

a  1, 168 


100,  609 


Run-off. 


Depth  in 
inches. 


a  0.20 

a  0.18 

a  0.21 

a  1.42 

4.51 

5.44 

1.72 

0.47 

0.26 

0.37 

a  0.24 

a  0.18 


15.20 


Second- 

feet  per 

square 

mile. 


a  0.17 

a  0.17 

a  0.18 

a  1.27 

3.91 

4.88 

1.49 

0.41 

0.23 

0.32 

a  0.22 

a  0.16 


1.12 


a  Approximate. 
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Tig.  88.— Discharge  of  Clear  Creek  at  Buffalo,  Wyoming,  1898. 


CHEYE^ISTE  RIVER. 

The  creeks  issuing  from  the  Black  Hills  in  South  Dakota  and  flow- 
ing outward  in  all  directions  unite,  forming  either  the  iTorth  or  the 
South  Fork  of  the  Cheyenne,  these  two  branches  almost  encircling  the 
mountain  area.  From  the  junction  of  these  forks  the  river  flows  in  a 
general  course  a  little  north  of  east,  entering  the  Missouri  River  at 
about  the  center  of  the  State  of  South  Dakota,  between  the  Moreau,  or 
Owl  River,  on  the  north,  and  Bad  River,  which  drains  the  country  on 
the  south.  The  two  forks  of  the  Cheyenne  River  intercept  the  drain- 
age from  the  Black  Hills,  which  otherwise  would  apparently  flow  into 
these  streams. 

The  principal  tributaries  of  the  North  Fork  of  the  Cheyenne  receiv- 
ing water  from  the  northern  part  of  the  Black  Hills  are  the  Belle 
Fourche,  Redwater,  Spearfish,  Whitewood,  Bear  Butte,  and  Warren 
creeks.  Those  of  the  South  Fork  draining  the  southern  part  of  the 
Black  Hills  are,  in  Wyoming,  Antelope,  Black  Thunder,  Beaver,  and 
Sage  creeks,  and  in  South  Dakota,  Hat  Creek,  entering  from  the  south; 
also  Fall  River,  Beaver,  French,  Battle,  Spring,  Ranch,  Boxelder,  and 
Elk  creeks.  The  streams  just  enumerated  from  Fall  River  to  Elk 
Creek,  inclusive,  carry  considerable  volumes  of  water  from  the  higher 
portions  of  the  Black  Hills,  and  are  thus  valuable  in  the  irrigation  of 
the  lower  lands. 

Although  the  flow  of  these  streams  draining  the  Black  Hills  is  rela- 
tively small,  yet  with  the  rapid  descent  it  is  practicable  to  develop  a 
considerable  amount  of  water  power,  especially  by  providing  storage 
works.    A  portion  of  the  power  is  now  used,  the  water  wheels  being 
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small,  old-fashioned,  or  liomemade.  In  order  to  obtain  the  best  results 
it  will  be  necessary  to  employ  various  forms  of  Pelton  or  high-pressure 
wheels,  to  which  water  is  conducted  by  A^arious  forms  of  pipes,  wooden 
or  steel.  The  falls  of  Cheyenne  lliver,  in  Fall  County  above  the  mouth 
of  Fall  River,  are  shown  on  the  accompanying  PI.  XX:  and  also  the 
falls  of  Fall  Kiver  near  Evan's  Quarry.  Here  the  water  descends 
rapidly  over  the  outcrop  of  the  Dakota  sandstone.  Another  view, 
PI.  XXI,  taken  about  a  quarter  of  a  mile  above  Evan's  Quarry,  gives 
a  general  conception  of  the  character  of  the  stream. 

The  use  of  water  for  irrigation  has  been  extended  until  the  summer 
flow  is  entirely  claimed,  and  there  is  more  land  under  irrigation  than 
can  readily  be  supplied.  The  ditches  are  small,  being  built  generally 
by  a  cooperative  association  of  farmers.  The  construction  of  these  is 
crude,  and  the  methods  of  employing  water  wasteful,  so  that  it  is 
probable  that  by  better  practice  larger  areas  of  land  could  be  brought 
under  cultivation,  especially  if  storage  reservoirs  were  constructed. 
There  are  many  favorable  localities  for  holding  water,  particularly  at 
points  where  the  streams  flowing  from  the  central  mass  of  mountains 
cut  through  the  outer  rim  of  upturned  rocks.  Behind  these  socalled 
hogbacks  are  broad  valleys,  where  water  could  be  stored  by  dams 
placed  in  the  narrow  gorges. 

During  the  summer  of  1898  a  thorough  study  of  the  geologic  con- 
ditions of  the  area  to  the  east  of  the  Black  Hills  was  made  by  Mr. 
N.  H.  Darton,  with  a  view  to  ascertaining  the  distribution  of  under- 
ground waters  and  of  obtaining  the  facts  bearing  upon  the  artesian 
conditions  throughout  the  country  to  the  east.  A  general  reconnais- 
sance of  the  Bad  Lands  was  made,  and  information  was  had  concerning 
the  probability  of  obtaining  artesian  flow  in  the  valleys  of  Cheyenne 
and  White  rivers.  On  September  12, 1898,  French  Creek  was  examined 
in  its  lower  portion  and  found  to  be  nearly  dry.  Ranches  were  found 
at  short  intervals  along  the  creek,  the  principal  crop  being  corn, 
apparently  raised  mainly  for  forage.  Many  small  ditches  lead  from 
the  ravines  on  each  side  of  the  main  stream,  these  being  dry  at  this 
vseason  of  the  year.  The  creek  was  discharging  about  0.5  of  a  second- 
foot,  but  there  were  signs  indicating  a  larger  volume  of  water  during 
the  fall. 

At  the  point  where  Battle  Creek  joins  Cheyenne  River  are  broad 
alluvial  flats  covered  with  cottonwood  trees.  At  this  place  there  were 
about  100  second-feet  of  water  in  the  south  fork  of  Cheyenne  River. 
This  water  was  distinctly  alkaline  to  the  taste.  Below  the  mouth  of 
Battle  Creek  what  is  known  as  the  "Old  Flour  Trail"  crosses  the  Bad 
Lands,  coming  from  the  south.  This  is  an  old  road  upon  which  freight, 
consisting  principally  of  flour,  was  hauled  to  the  military  posts.  It  is 
on  a  nearly  level  plateau,  extending  between  the  White  and  Cheyenne 
rivers,  a  remnant  of  a  great  i)lain,  now  deeply  dissected  into  bad  lands. 
The  road  itself  is  nearly  level,  but  at  a  short  distance  on  either  side 
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are  the  heads  of  precipitous  canyons.  In  one  place,  known  as  ''The 
Pass,"  these  canyons  approach  from  opposite  sides  within  a  few  hun- 
dred feet  of  each  other,  and  in  their  encroachment  threaten  to  cut  the 
plateau  in  two.  By  following  the  established  roads  or  trails  it  is  pos- 
sible to  pass  through  the  Bad  Lands  with  ease,  but  by  attempting  a 
different  route  progress  may  become  impossible.  These  plateaus  are 
for  the  most  part  covered  with  grass,  furnishing  excellent  pasturage 
for  the  cattle  of  the  Indians  of  the  Pine  Eidge  Eeservation  and  of  their 
white  neighbors.  Following  the  Flour  Trail  south  from  Cheyenne 
Eiver  the  road  leads  down  to  a  point  a  few  miles  above  the  mouth  of 
Wounded  Knee  Creek,  which  flows  into  White  Eiver  from  the  south 
at  this  point. 

The  south  fork  of  Cheyenne  Eiver,  near  the  mouth  of  Eapid  Creek, 
was  carrying  on  September  20, 1898,  about  100  second-feet.  The  valley 
at  this  point  is  broad,  but  the  river  meanders  back  and  forth  from  the 
cliffs  on  one  side  to  those  on  the  other,  cutting  the  bottom  into  tracts 
of  a  few  thousand  acres.  Irrigation  development  by  means  of  canals 
of  considerable  size  is  thus  prevented.  Pumping  water  has  been  tried 
and  found  to  be  successful.  For  example,  Marshall  Nye,  of  Creston, 
South  Dakota,  has  on  the  south  bank  of  White  Eiver  a  15-horse  power 
engine  operating  two  link-belt  water  elevators,  and  these  are  estimated 
to  discharge  about  3  second-feet,  or  more  water  than  can  be  distributed 
by  one  man.  There. is  ample  fuel  in  the  cottonwoods  along  the  river 
and  the  driftwood  brought  down  by  the  stream. 

WHITE    EIVER. 

White  Eiver  rises  in  the  extreme  northwestern  corner  of  Nebraska, 
in  Sioux  and  Dawes  counties,  and  flows  northeasterly  along  the  front 
of  Pine  Eidge,  from  which  it  receives  numerous  tributaries.  On  reach- 
ing the  State  line  it  crosses  into  South  Dakota,  and  flows  in  a  northerly 
course  through  the  Pine  Eidge  Indian  Eeservation.  Turning  easterly 
it  forms  the  northern  boundary  of  the  reservation,  and  also  of  the  Eose- 
bud  Indian  Eeservation  adjoining  on  the  east.  The  principal  trib- 
ataries  come  from  the  south,  little  water  being  received  from  the  north, 
as  the  tributaries  of  Bad  Eiver  head  within  a  few  miles  of  the  northern 
bank  of  White  Eiver.  The  upi)er  part  of  the  drainage  basin,  partic- 
ularly in  the  Pine  Eidge  Indian  Eeservation,  consists  mainly  of  bad 
lands,  from  which  a  considerable  amount  of  water  is  discharged  im- 
mediately after  storms,  the  floods  carrying  great  quantities  of  earthy 
matter  in  suspension  and  giving  the  water  a  peculiar  white  color. 
Even  in  times  of  drought  the  water  is  not  clear,  but  has  a  milky  ap- 
pearance. A  sample  was  taken  on  September  18,  1898,  at  a  point  on 
White  Eiver  near  Pumpkin  Creek,  about  12  miles  above  Corn  Creek. 
At  that  time  the  river  was  discharging  about  20  second-feet.  The 
sample,  as  examined  at  the  Survey  laboratory  in  Washington,  con- 
tained the  following  solids  in  susi)ension  and  solution: 
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Analysis  of  water  from  White  River. 

One  thonsand  cubic  centimeters  held  in  snspension.     4.7  grams,  or  approximately 
0.47  i)er  cent,  of  clayey  matter,  roughly  combined  as  follows; 

SiO, 57.5 

Al.O, 


29.  0 

H,0 7.5 

Alkali,  etc.,  by  difference 6.  0 


100.0 

The  clay  contains  more  iron  than  its  color  in  the  water  would  indicate.  It  burns 
dark  red-brown.  In  solution  the  water  held  approximately  340  parts  per  million, 
chiefly  sodium  carbonate,  with  some  sulphate.  Lime  and  magnesia  were  absent  in 
more  than  traces.     Reaction  faintly  alkaline. 

Measurements  of  White  River  have  been  made  at  points  in  Nebraska 
by  Prof.  O.  Y.  P.  Stout  and  his  assistants,  the  results  being  given  in 
the  table  on  page  303.  Most  of  these  were  made  in  the  vicinity  of 
Crawford,  where  the  drainage  area  is  only  about  270  square  miles  as 
measured  from  the  Land  Office  map. 

Soldier  Creek  ilows  into  White  River  from  the  north,  above  Crawford, 
at  Fort  Robinson.  On  June  24,  1896,  the  discharge  at  this  point  was 
3.2  second-feet,  and  on  August  14,  1897,  at  a  point  5  miles  above  Fort 
Robinson,  was  2.3  second-feet.  On  April  27,  1898,  at  Fort  Robinson  it 
was  3.6  second-feet. 

Measurements  have  also  been  made  of  Big  and  Little  Cottonwood 
creeks,  which  enter  White  River  below  Crawford.  The  discharge  of 
Little  Cottonwood  Creek,  in  sec.  7,  T.  32  N.,  R.  5  W.,  was  on  June  25, 
1896,  about  0.1  second- foot,  and  of  Big  Cottonwood  Creek,  6  miles  west 
of  Whitney,  on  the  same  day,  was  0.2  second-foot. 

Two  of  the  tributaries  of  White  River  are  known  as  White  Clay 
Creek,  the  first  and  smaller  entering  from  the  south  immediately  below 
Crawford,  and  the  second  heading  near  Rushville  and  flowing  north 
across  the  State  line  by  the  Pine  Ridge  Agency.  Measurements  of  the 
first  of  these  have  been  made  near  the  mouth,  the  flow  on  June  24, 
1896,  being  4  second-feet,  and  on  September  21, 1898,  about  0.8  second- 
foot.  Other  small  tributaries,  such  as  Ash,  Indian,  Dead  Horse,  and 
Bordeaux,  have  been  measured,  as  shown  in  the  table. 

White  River  was  visited  in  September,  1898,  at  points-  near  the 
mouth  of  Wounded  Knee  Creek  and  for  20  miles  below.  The  coun- 
try in  this  vicinity  is  open  and  the  valleys  are  broad,  with  fair  grazing. 
Wounded  Knee  Creek  was  carrying  about  2  second-feet  at  a  i^oint  near 
the  schoolhouse,  a  short  distance  above  the  mouth,  and  White  River 
above  the  creek  was  discharging  about  12  second-feet.  A  small  amount 
of  irrigation  is  i)racticed  by  the  "squaw  men"  living  in  the  valley  of 
the  creek,  potatoes  and  vegetables  being  successfully  raised.  There 
are  a  number  of  ranches  of  Indians  and  half-breeds  along  White  Hiver, 
their  only  occupation  being  cattle  raising.     A  view  of  White  River  in 
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this  vicinity  is  shown  on  PI.  XXII.  At  A  is  a  photograph  taken  look- 
ing up  White  River  from  Tibbitts's  Kanch,  opposite  Pumpkin  Creek, 
South  Dakota;  and  at  5  is  a  view  taken  looking  down  White  Eiver, 
near  the  mouth  of  Medicine  Root  Creek,  South  Dakota. 

:n^iobrara  river. 

Niobrara  River  rises  in  eastern  Wyoming  and  flows  across  the  State 
line  into  Nebraska,  continuing  along  the  northern  side  of  that  State 
near  the  boundary  of  South  Dakota,  and  entering  Missouri  River  about 
50  miles  above  the  mouth  of  James  or  Dakota  River.  Measurements 
of  the  stream  have  been  made  at  various  points,  as  noted  in  the  list 
given  on  page  301,  most  of  these  being  near  the  headwaters  and  at  the 
middle  distance  of  its  course,  at  Fort  Niobrara. 

A  station  for  the  measurement  of  Niobrara  River  was  established  on 
July  22,  1897,  at  a  point  about  3  miles  east  of  Valentine,  Nebraska. 
Gage  heights  were  not  observed  during  1898,  but  measurements  were 
made  as  shown  by  the  following  table: 

List  of  discharge  measurements  made  on  Niohr'ara  River  at  Valentine,  Nehra.i'ka. 


Date. 

Hydrographer. 

Gage 
height. 

Discharge. 

April  25 

May  13 

May  24 

June  12 

July  27 

August  21 

September  7 

September  26 

October  16 

October  29 

November  17 

December  17 

December  28 

Glenn  E.  Smith 

Feet. 
0.05 
0.23 
0.10 
0.05 
0.35 
0.39 
0.32 
0.28 
0.18 
0.12 
0.5 
Ice. 
Ice. 

Second- feet. 

987 

1,588 

1,156 

,876 

690 

677 

748 

840 

867 

960 

960 

843 

964 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

PLATTE  RIVER   DRAINAGE. 

.  Under  this  heading  are  included  the  North  and  South  Platte  and 
their  numerous  tributaries  receiving  water  from  eastern  Wyoming  and 
northeastern  Colorado.  The  North  Platte  is  the  larger  stream,  flow- 
ing continuously  throughout  the  year,  while  the  South  Platte,  owing 
partly  to  the  diversion  of  water  for  irrigation,  is  dry  much  of  the  time 
near  the  Colorado  State  line  and  from  there  down  to  the  junction  with 
the  North  Platte. 
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PLATTE    RIVER. 


The  main  Platte  in  Nebraska,  although  receiving  water  continuously 
from  the  North  Platte,  becomes  almost,  if  not  quite,  dry  during  the 
extreme  droughts,  owing  to  the  excessive  evaporation  and  seepage  in 
the  broad,  sandy  bed.    Few,  if  any,  tributaries  enter  the  Platte  River 


■^Ff  Fefterman 
'f'n 


O'A/ei/f, 


Fig.  89. — Relative  location  of  river  and  rainfall  observations  in  basin  of  Platte  River. 

from  the  south,  the  headwaters  of  the  Republican  River  approaching 
within  a  few  miles  of  the  south  bank  of  the  Plat>te.  From  the  north, 
however,  a  considerable  amount  of  water  is  received  from  rivers  drain- 
ing the  sand-hill  area  of  central  and  western  Nebraska. 

PRECIPITATION  IN   THE   BASIN   OF   PLATTE   RIVER, 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
Platte  River  are  at  Lander,  Camp  Stambaugh,  Laramie,  St.  Cloud, 
Wheatland,  Fort  Laramie,  Cheyenne,  Fort  Collins,  Moraine,  Smoky  Hill 
mine,  Georgetown,  Alma,  Castlerock,  Denver,  Greeley,  Kimball,  Alli- 
ance, Sidney,  North  Platte,  Thedford,  Lexington,  Kearney,  Ravenna, 
Ansley,  Burwell,  North  Loup,  Palmer,  Ericson,  Oakdale,  O'Neill,  Nor- 
folk, Cornlea,  Genoa,  Marquette,  Lincoln.  The  relative  location  of  these 
j)oints  is  shown  by  fig.  89,  in  connection  with  the  points  of  river  meas- 
urement which  are  at  Orin  Junction,  Uva,  Gering,  Camp  Clarke,  Woods, 
Arkins,  Lyons,  Boulder,  Denver,  Morrison,  Orchard,  North  Platte,  St. 
Paul,  Norfolk,  and  Columbus.  The  following  table  gives  the  names 
and  location  of  the  stations,  the  elevations,  and  the  number  of  years 
during  which  the  observations  have  been  made;  or,  rather,  the  number 
of  complete  monthly  observations  used  iu  computing  the  normals. 
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Location  of  rainfall  stations. 


Station. 


Lander  

Laramie 

St.  Cloud 

Wheatland 

FortLaraniie. .. 

Gering 

Cheyenne  

Fort  Collins.... 

Moraine 

Smoky  Hill  mine 

Georgetown 

Alma 

Castlerock 

Denver 

Greeley 

Kimball 

Alliance 

Sidney 

North  Platte  . . . 

Thedford 

Lexington 

Kearney  

Ravenna  

Ansley 

Burwell 

North  Loup 

Palmer 

Ericson 

Oakdale 

O'Neill 

Norfolk 

Cornlea 

Genoa 

Marquette 

Lincoln 


County. 


Fremont 

Albany 

Larimer 

Laramie 

do 

Scotts  Bluff . 

Laramie 

Larimer 

do 

Boulder 

Clear  Creek  . 

Park 

Douglas 

Arapahoe  . . . 

Weld 

Cheyenne  . .. 

Boxbutte 

Cheyenne . . . 

Lincoln 

Thomas 

Dawson 

Buffalo 

do 

Custer 

Garfield 

Valley 

Merrick 

Wheeler 

Antelope 

Holt 

Madison 

Platte 

do 

Hamilton  . . . 
Lancaster . . . 


State. 


Wyoming  . 

do  .... 

Colorado .. 
Wyoming  . 

do  .... 

Nebraska . , 
Wyoming 
Colorado  . 

do  .... 

do  .... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

Nebraska 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 


Latitude. 

0    / 

42  50 

41  24 

40  33 

42  3 

42  12 

41  51 

41  08 

40  35 

40  21 

40  00 

39  42 

39  18 

39  22 

39  46 

40  26 

41  13 

42  5 

41  8 

41  08 

41  58 

39  47 

40  41 

41  2 

41  15 

41  43 

41  30 

41  14 

41  48 

42  04 

42  28 

42  3 

41  41 

41  27 

40  58 

40  48 

Longi- 
tude. 


108  43 
105  35 
105  28 
104  57 
104  33 

103  43 

104  48 

105  4 
105  35 
105  14 

105  41 

106  04 

104  52 

105  00 
104  42 
103  40 
102  52 
102  58 
100  45 
100  32 

99  43 
99  05 

98  54 

99  22 
99  00 
98  41 
98  15 
98  42 

97  57 

98  37 
97  24 
97  33 

97  44 

98  00 
96  42 


Eleva- 
tion. 


5,377 
7,161 


4,747 
4,250 
3,902 
6,105 
4,995 
7,900 
7,800 
8,500 
10,  300 
6,220 
5,309 
4,637 
4,697 
3,968 
3,820 
2,841 
2,842 
2,385 
1,997 
2,008 
2,307 
2,180 
9,961 
1,796 
2,029 
1,722 
1,975 
1,532 
1,742 
1,584 
1,830 
1,647 


Length  of 
record. 


18-20 
15-19 

5-  7 

4-  5 
27-34 

7-  9 
28 

15-19 

8-  9 
7-  8 

12 
9-10 

6-  9 
26-27 

6-  9 
6-10 

5-  6 


23-24 


8-  9 

19-22 

20 

7-  9 

11-14 

9-10 

11 

7-  8 

9-13 

7-  8 

11-15 

12-13 

22-23 

17-18 

19 


In  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation,  by  months, 
for  the  years  1896, 1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 
20  GEOL,  PT  4 17 
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Rainfall  at  stations  in  drainage  basin  of  Platte  River. 

LANDER. 


Tear. 


Normal 
1896.... 
1897.... 
1898.... 


Jan. 


0.64 
0.25 
0.23 
0.33 


Feb. 


0.41 

0.20 

1.11 

T. 


Mar. 


1.50 
1.62 
1.38 
2.73 


Apr. 

1.86 
1.60 
1.14 
1.08 


May, 


2.06 
2.13 
1.25 
6.02 


June. 


0.80 
0.60 
0.85 
3.02 


July. 

0.77 
1.67 
1.21 
0.67 


Aug. 


0.65 
1.19 
1.04 
0.62 


Sept. 


0.56 
0.93 
0.15 
0.36 


Oct. 


0.87 
0.46 
1.12 
2.22 


Nov. 


0.55 
0.42 
0.44 
0.25 


Dec. 


0.42 
0.00 
1.29 
0.69 


Annual. 


11.09 
11.07 
11.21 
17.99 


LARAMIE. 


Normal 

1896 

1897 

1898 


Normal . 

1896 

1897 

1898 


0.40 

0.44 

0.83 

L09 

1.52 

1.34 

1.62 

1.37 

0.94 

0.83 

0.57 

0.45 

0.44 

0.17 

0.59 

3.53 

2.37 

2.72 

1.66 

0.89 

1.16 

0.18 

0.09 

T. 

0.39 

0.35 

4.23 

0.55 

1.85 

0.72 

1.29 

Lll 

0.32 

0.55 

0.33 

0.77 

0.05 

0.01 

0.40 

1.26 

L88 

0.90 

0.65 

L16 

T. 

0.48 

0.61 

0.23 

FORT  LARAMIE. 


11.40 

13.80 

12.46 

7.63 


0.4 

0.6 

0.7 

1.3 

2.5 

L5 

1.5 

L2 

0.9 

0.8 

0.6 

0.5 

1.29 

0.61 

L14 

0.97 

2.63 

2  34 

1.41 

1.00 

1.75 

0.83 

0.73 

0.00 

0.29 

0.38 

2.17 

1.03 

1.23 

2.03 

0.99 

2.06 

L14 

1.02 

0.63 

0.78 

1.41 

0.26 

0.25 

0.75 

4.60 

1.27 

1.61 

1.13 

0.44 

0.44 

0.55 

0.25 

12.5 
14.67 
13.75 
12.96 


GERING. 


Normal 

1896 

1897 

1898.... 


0.71 
0.40 
0.19 


0.42 
0.36 
0.30 


0.88 
1.50 
1.08 
0.30 


1.64 
0.66 
1.40 
1.80 


2.00 
2.42 
1.79 
4.90 


2.86 
3.44 
0,67 
1.38 


1.95 
1.90 
a  76 
1.65 


L39 
1.31 
1.96 
0.60 


0.65 
1.89 
0.30 
0.28 


0.56 
0.33 
0.10 
0.57 


0.49 
0.48 
0.68 
1.10 


0.52 


0.40 


14.07 
14.69 
n.63 


Normal 

1896 

1897 

1898.... 


CHEYENNE. 


0.4 

0.4 

0.9 

1.5 

2.3 

1.5 

2.0 

L6 

1.0 

0.7 

0.3 

0.3 

0.68 

0.31 

2.06 

2.08 

2.85 

1.41 

6.35 

2.52 

2.08 

0.28 

0.14 

0.03 

0.27 

0.57 

2.32 

0.60 

3.07 

1.60 

3.77 

1.66 

0.41 

1.03 

0.68 

L27 

0.48 

0.06 

0.39 

0.68 

3.72 

2.33 

1.83 

0.90 

0.47 

0,.25 

L58 

0.36 

12.9 
20.79 
17.25 
13.05 


ST.  CLOUD. 


Normal 

1896 

1897 

1898 


0.70 
0.20 
0.10 


0.73 
0.00 
0.85 


2.12 
1.90 
4.10 


2.13 
1.15 
2.12 


4.07 
1.30 
2.47 


1.68 
2.57 
1.51 


1.58 
2.59 
L31 


1.82 
3.73 


1.27 
2.27 


1.09 
(1.09) 


0.34 
0.01 


0.59 
0.00 


18.12 
16.81 


WHEATLAND. 


Normal 

1896 

1897 

1898 


0.68 

0.36 

0.98 

0.76 

1.76 

1.78 

0.86 

1.01 

0.25 

0.76 

0.66 

0.48 

L70 

0.60 

1.40 

0.55 

2.73 

1.78 

0.52 

2.19 

0.40 

0.12 

0.85 

0.00 

6.30 

0.15 

1.10 

0.62 

0.87 

1.63 

0.93 

2.60 

T. 

0.30 

0.^0 

0.50 

0.80 

T. 

0.85 

0.32 

4.33 

1.65 

2.34 

0.48 

0.02 

0.19 

0.76 

0.70 

10.34 

12.84 

9.70 

12.44 


FORT  COLLINS. 


Normal . 

1896 

1897 

1898 


0.67 

0.56 

0.89 

1.71 

2.86 

1.67 

L90 

1.34 

0.90 

0.89 

0.40 

0.32 

0.43 

0.03 

1.73 

1.26 

1.68 

3.05 

3.05 

2.20 

1.55 

0.49 

0.05 

0.24 

0.18 

0.54 

2.15 

1.39 

2.06 

1.69 

2.65 

L74 

0.75 

0.75 

0.67 

0.67 

0.14 

0.08 

0.50 

1.08 

3.65 

1.37 

0.50 

0.98 

0.50 

0.82 

1.24 

0.17 

14.11 
15.  76 
15.24 
11.03 
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MORAINE. 


Tear. 


Normal 
1896.... 
1897.... 
1898.... 

Normal 
1896..'.. 
1897.... 
1898.... 

Normal 

1896 

1897.... 


Jan. 

Peb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.79 

1.48 

1.83 

1.70 

2.98 

1.07 

2,43 

1.99 

1.13 

1.00 

0.73 

0.73 

0.53 

0.22 

2.87 

1.08 

1.62 

0.49 

3.88 

2.50 

2.74 

0.75 

0.30 

0.30 

0.61 

1.68 

1.86 

1.29 

2.30 

1.79 

2.52 

2.43 

0.78 

1.16 

1.25 

1.20 

0.50 

1.05 

1.32 

1.44 

3.05 

1.93 

2.19 

1.67 

0.40 

0.99 

1.77 

0.55 

Annual. 

17.86 
17.28 
18.87 
16.86 


SMOKY  HILL  MINE. 


1.02 

1.53 

3.33 

2.24 

4.04 

2.14 

3.05 

2.42 

L27 

1.76 

1.33 

1.02 

1.10 

0.40 

3.60 

1.60 

L15 

1.69 

3.56 

4.45 

1.92 

1.40 

0.30 

0.20 

0.40 

2.10 

6.30 

2.81 

2.30 

3.80 

3.65 

3.91 

1.95 

3.85 

0.80 

0.70 

0.90 

0.90 

0.80 

3.36 

3.95 

3.51 

2.93 

2.78 

L30 

L35 

2.17 

L18 

25.15 
21.37 
32.57 
25.14 


GEORGETOWN. 


0.43 

0.66 

1.21 

1.46 

2.88 

1.27 

2.44 

2.16 

1.06 

1.12 

0.69 

0.66 

0.25 

0.45 

2.48 

L22 

1.15 

0.58 

2.18 

2.81 

2.04 

0.75 

0.50 

0.60 

0.45 

0.55 

2.00 

1.43 

3.75 

1.71 

2.55 

2.59 

1.42 

3.32 

0.20 

0.85 

16.04 
15.01 
20.52 


ALMA. 


Normal 
1896.... 
1897.... 

Normal 

1896.... 
1897.... 
1898.... 

Normal 
1896.... 
1897 . . . . 
1898.-.. 

Normal 
1896.... 
1897.... 
1898.... 

Noimal 

1896.... 
1897.... 
1898.... 


0.74 

0.76 

L35 

1.16 

1.61 

0.67 

2.57 

2.54 

0.75 

0.87 

L40 

0.55 

0.51 

0.37 

3.30 

0.74 

0.45 

0.01 

2.89 

1.67 

2.19 

L13 

0.77 

0.16 

0.81 

1.20 

2.32 

L14 

1.79 

L39 

L22 

3.35 

0.81 



14.97 
14.19 


CASTLE  rock:. 


0.63 

0.94 

1,36 

1.83 

2.44 

1.99 

2.85 

2.77 

0.86 

L38 

0.57 

0.78 

0.65 

0.95 

1.80 

2.30 

L61 

0.70 

3,67 

3.57 

2.80 

1.62 

0.32 

0.45 

0.47 

1.20 

2.50 

1,37 

2.44 

3.12 

3.59 

8.10 

0.24 

2.82 

(0.57) 

1,23 

(0.  63) 

(0.  94) 

0.40 

1.76 

4.48 

1,82 

4.20 

L49 

1.35 

1.17 

1.00 

0.99 

DENVER. 


18.40 
20.44 
27.56 
20.23 


0.55 

0.52 

0,98 

1.97 

2.78 

1.41 

1,77 

1,47 

0.81 

0.93 

0.59 

0,64 

0.25 

0.24 

1.43 

0.93 

L27 

0.89 

2.80 

0,97 

1.81 

0.84 

0,10 

0.31 

0.58 

0.82 

0.90 

L31 

3.15 

2.16 

2.06 

1.44 

0.44 

1.64 

0.24 

0.63 

0.20 

0.08 

0.28 

L20 

4.88 

0.94 

0.67 

0.96 

0.28 

L05 

0.85 

0.99 

14.42 
n,84 
15.37 
12.98 


GREELEY. 


0.18 

0.43 

0,69 

1,46 

2.04 

1.51 

1.76 

L12 

0,54 

0,67 

0,76 

0,17 

0.67 

0,18 

0.93 

1.18 

1.42 

0,46 

4,82 

2.15 

0.99 

0.63 

0.02 

0,07 

0.06 

0.61 

2.02 

0.81 

3.20 

2,47 

2,98 

1,75 

0.29 

Lll 

0,40 

0,38 

0.20 

0,33 

0,23 

(1.46) 

5,83 

1.69 

3.50 

0,83 

0.13 

0.78 

0.60 

0,37 

11,33 
13.52 
16,09 
15,95 


KIMBALL. 


0.65 

0.66 

L02 

L64 

2.33 

2.12 

2,52 

1,41 

0,55 

0.55 

0.21 

0,52 

0.40 

(0, 66) 

(L02) 

1.75 

2.26 

1.48 

2.43 

2.22 

1.66 

0.20 

0,30 

0.00 

0.20 

0,75 

L70 

1,10 

3.86 

2.16 

6.42- 

1.66 

0.44 

0.88 

0,60 

L15 

0.65 

0.15 

0.75 

1.32 

6.49 

2.61 

2.26 

0.45 

0.60 

0.65 

1.60 

0,55 

14.18 
14,38 
20,92 
18.08 


260 


PROGRESS   OF    STREAM   MEASUREMENTS    FOR    1898. 


Rainfall  at  stations  in  drainage  basin  of  Platte  Eiver — Continued. 

ALLIANCE. 


Year. 


Normal . . . 

1896 

1897 

1898 


Jan. 


0.98 
0.60 
0.43 
1.14 


Feb. 


0.34 

0.09 

0.21 

T. 


Mar. 


1.45 
2.10 
1.21 
0.30 


Apr. 


2.25 
0.80 
2.13 
0.53 


May. 


2.35 
2.00 
2.52 
4.81 


June. 

3.47 
4.04 
2.01 
1.10 


July. 


2.36 
3.77 
1.73 
4.76 


Aug. 


1.63 
0.26 
2.15 
0.20 


Sept. 


0.66 

1.41 

0.06 

T. 


Oct. 


0.46 

0.70 

0.36 

T. 


Nov. 


0.49 
0.39 
0.64 
0.60 


Dec.  Annual. 


0.44 
0.00 
1.10 
0.00 


SIDNEY. 


16.88 
16.11 
14.55 
13.44 


Normal 

1896 

1897 


0.70 

0.60 

o.'s 

L8 

2.50 

1.40 

2.2 

L8 

1.0 

LO 

0.3 

0.3 

(0.70) 

0.50 

2.80 

1.73 

2.94 

3.29 

3.01 

0.96 

1.32 

0.60 

0.50 

T. 

0.15 

0.40 

2.25 

2.10 

3.38 

1.42 

2.15 

3.61 

T. 

1.50 

0.20 

0.60 

14.4 

18.35 

17.76 


NORTH  PLATTE. 


Normal . 

1896 

1897 

1898 


0.5 

0.4 

0.8 

2.2 

2.6 

3.3 

2.7 

2.4 

L3 

1.1 

0.3 

0.6 

0.27 

0.06 

0.87 

3.44 

L47 

2.76 

1.86 

2.07 

L84 

1.51 

0.16 

0.21 

0.47 

0.46 

0.66 

2.59 

0.11 

1.72 

1.85 

3.05 

0.59 

4.11 

0.85 

0.63 

0.77 

0.19 

0.64 

1.42 

4.12 

2.54 

L29 

L40 

2.56 

0.07 

0.51 

0.03 

THEDFORD. 


18.2 
16.72 
17.09 
15.54 


Normal 
1896.... 
1897.... 


0.23 

L04 

0.79 

3.05 

L71 

3.98 

2.06 

1.85 

0.95 

1.23 

0.63 

0.51 

0.12 

0.05 

L85 

6.43 

0.98 

4.18 

3.03 

0.00 

0.72 

1.30 

0.76 

0.24 

0.50 

0.20 

0.26 

3.11 

0.34 

3.89 

1.55 

L91 

0.46 

1.78 

0.40 

L50 

18.03 
19.66 
15.90 


LEXINGTON. 


Normal 

1896 

1897 

1898 


0.85 

0.97 

1.32 

2.64 

2.83 

3.34 

2.20 

2.25 

1.43 

L35 

0.58 

0.76 

0.38 

0.20 

2.06 

4.66 

3.90 

1.97 

2.27 

1.69 

3.02 

1.60 

0.28 

0.20 

0.20 

0.81 

1.59 

4.24 

0.30 

4.61 

0.72 

L57 

1.60 

4.13 

0.72 

1.30 

0.30 

0.30 

0.10 

2.23 

2.62 

4.36 

1.29 

2.51 

2.92 

0.73 

0.80 

0.35 

20.52 
22.23 
21.79 
18.51 


KEARNEY. 


Normal 

1896 

1897 

1898.... 


0.56 

0.52 

1.15 

2.53 

4.52 

3.51 

4.35 

2.40 

2.11 

1.72 

0.91 

0.62 

0.30 

T. 

2.10 

4.96 

6.90 

3.26 

3.49 

3.49 

1.98 

1.25 

1.55 

0.04 

(0.56) 

0.99 

L08 

6.52 

L18 

3.36 

4.01 

1.60 

2.51 

5.70 

0.82 

1.68 

0.17 

0.25 

0.04 

3.60 

4.11 

4.18 

1.76 

2.53 

3.40 

0.65 

0.45 

0.10 

24.90 
29.82 
30.01 
21.24 


RAYENNA. 


Normal . 

1896 

1897 

1898 


0.7 

0.8 

1.4 

2.9 

3.5 

3.8 

4.1 

2.8 

1.9 

1.60 

0.60 

0.7 

0.35 

0.12 

1.67 

5.72 

4.58 

2.66 

5.37 

0.89 

3.25 

1.45 

1.30 

0.14 

0.60 

0.88 

1.61 

5.21 

1.94 

5.82 

1.73 

6.54 

1.63 

4.96 

0.30 

1.53 

0.33 

0.68 

0.23 

2.23 

3.15 

3.25 

2.19 

1.72 

3.10 

0.56 

0.69 

0.37 

ANSLEY. 


24.8 
27.50 
32.75 
18.50 


Normal 

1896 

1897...   . 
1898 


0.60 

0.60 

1.53 

3.11 

2.72 

3.89 

2.72 

2.14 

1.34 

L60 

0.40 

0.42 

0.63 

0.03 

1.95 

4.66 

3.52 

2.92 

1.85 

0.64 

2.55 

1.75 

0.80 

0.02 

0.40 

0.47 

1.46 

5.00 

1.54 

4.57 

0.92 

4.55 

L37 

4.98 

0.35 

1.52 

0.35 

0.45 

0.10 

2.69 

3.87 

3.49 

1.42 

2.12 

1.64 

1.08 

0.45 

0.20 

21.  U7 
21.32 
27.13 
17.86 
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Rainfall  at  stations  in  drainage  basin  of  Platte  River — Continued. 

BURWELL. 


1896. 
1897. 
1898. 


Jan. 

0.39 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.48 

0.97 

2.18 

2.65 

3.69 

3.52 

1.82 

1.66 

1.38 

0.39 

9.51 

0.35 

0.10 

1.85 

3.85 

1.71 

4.70 

3.77 

1.47 

0.92 

1.29 

0.70 

T. 

0.50 

0.40 

1.60 

3.24 

0.60 

2.44 

1.87 

1.41 

T. 

3.89 

0.20 

1.55 

1.00 

0.30 

T. 

1.68 

3.14 

2.68 

2.33 

4.68 

0.86 

0.56 

0.30 

0.65 

Annual. 

19.64 
20.71 
17.70 
18.18 


KORTH  LOUP. 


Normal 

1896 

1897 

1898 


0.76 

0.48 

1.02 

3.50 

2.61 

4.82 

3.57 

2.33 

1.41 

1.60 

0.45 

0.46 

0.24 

T. 

0.83 

7.25 

3.44 

8.00 

4.32 

0.55 

2.44 

2.18 

1.12 

T. 

0.80 

0.36 

1.42 

6.05 

0.72 

7.87 

1.19 

2.54 

1.00 

4.65 

0.10 

1.40 

0.55 

0.40 

0.20 

1.00 

3.65 

4.43 

0.99 

1.97 

1.78 

0.53 

0.70 

0.30 

23.01 
30.37 
28.10 
16.50 


PALMER. 


Normal 

1896 

1897 

1898 


1.03 

0.79 

1.70 

3.16 

3.51 

3.54 

3.55 

2.45 

L66 

1.21 

0.69 

0.75 

0.00 

0.60 

0.90 

7.55 

6.55 

4.35 

2.50 

0.45 

2.05 

2.50 

1.30 

0.35 

LIO 

0.50 

3.17 

4.44 

2.30 

4.84 

2.06 

3.49 

2.69 

4.68 

0.08 

2.00 

0.40 

0.50 

0.85 

1.98 

3.38 

8.12 

0.97 

3.65 

3.18 

0,60 

0.35 

T. 

24.04 
29.10 
31.35 
24.04 


ERICSON. 


Normal 

1896 

1897.... 
1898 


0.64 

0.69 

1.40 

3.78 

2.44 

3.67 

2.98 

2.02 

1.39 

L66 

0.24 

0.50 

0.50 

T. 

1.10 

6.20 

2.71 

4.86 

4.36 

2.07 

2.63 

1.90 

0.60 

0.25 

1.00 

0.50 

2.64 

4.25 

2.07 

3.85 

1.98 

2.61 

0.87 

3.84 

0.10 

L50 

0.70 

0.40 

0.20 

1.38 

3.92 

2.48 

L91 

2.68 

0.91 

0.35 

0.53 

0.20 

21.41 
26.73 
25.21 
15.66 


OAKDALE. 


Normal 
1896.... 
1897.... 
1898.... 


0.58 

0.63 

1.30 

3.57 

3.18 

3.69 

3.19 

2.63 

1.35 

1.31 

0.71 

0.66 

0.13 

0.05 

1.14 

6.94 

2.51 

4.50 

6.17 

L12 

1.76 

2.39 

2.66 

0.07 

1.61 

0.51 

1.78 

3.36 

1.12 

4.87 

2.98 

3.38 

1.15 

2.33 

0.64 

L44 

0.55 

0.78 

0.69 

1.88 

5.75 

4.82 

2.15 

2.92 

0.93 

L15 

0.53 

0.44 

22.80 
29.44 
25.17 
22.59 


O'NEILL. 


Normal 
1896.... 
1897.... 
1898.... 


0.51 

0.52 

L59 

4.56 

2.37 

4.24 

2.07 

2.30 

1.71 

1.25 

0.43 

0.60 

0.32 

0.04 

1.36 

6.86 

1.77 

5.87 

3.85 

1.56 

3.41 

1.84 

L37 

0.10 

1.31 

0.48 

1.69 

4.85 

1.35 

3.15 

1.51 

2.26 

3.70 

3.84 

0.13 

1.86 

0.38 

0.42 

0.75 

L39 

5.62 

2.82 

3.87 

2.33 

1.29 

(1.25) 

0.20 

0.05 

22.17 
28.35 
26.13 
20.37 


NORFOLK. 


Normal 

1896 

1897 

1898..-. 


0.35 

0.74 

1.05 

2.80 

3.58 

4.31 

4.05 

3.58 

2.56 

1.36 

0.63 

0.84 

0.27 

0.02 

0.67 

5.92 

3.30 

5.26 

5.65 

LOS 

2.25 

2.50 

2.54 

0.15 

0.70 

0.43 

1.55 

3.86 

1.03 

2.93 

3.72 

2.67 

1.43 

2.97 

0.26 

2.10 

0.69 

0.70 

0.72 

1.49 

3.53 

6.04 

1.60 

2.01 

1.46 

0.86 

0.31 

0.42 

25.85 
29.61 
23.65 
19.83 


CORNLEA. 


Normal , 

1896 

1897.... 
1898 


0.65 
0.52 
L47 
0.46 


0.62 
0.01 

0.45 
0.66 


1.08 

0.80 

(1.  08) 

0.77 


3.19 

(3. 19) 

4.64 

L54 


3.17 
(3. 17) 
2.69 
6.18 


4.08 
2.78 
5.62 
5.07 


3.20 
4.20 
3.50 


2.86 
0.45 
3.46 


2.43 
3.48 
1.62 


1.54 
1.85 
3.85 


0.67 
2.38 
0.27 


0.61 
0.22 
1.16 


24.10 
23.05 
29.81 
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GENOA.. 


Year. 


Normal 0.8 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.8 

0.8 

1.2 

3.1 

4.0 

4.4 

3.9 

2.6 

2.8 

1.6 

0.8 

0.9 

'  0.46 

0.09 

0.56 

7.57 

4.09 

5.47 

3.27 

1.41 

2.40 

2.03 

2.41 

0.27 

1.36 

0.64 

1.81 

5.47 

1.64 

3.80 

4.59 

2.93 

2.71 

4.12 

0.34 

1.44 

0.58 

0.94 

0.82 

2.78 

4.58 

3.91 

1.36 

3.98 

2.02 

1.13 

0.55 

0.15 

26.9 
30.01 
30.  85 
22.80 


MARQUETTE. 


Normal 

1896 

1897 

1898 


0.7 

0.8 

1.10 

2.8 

3.8 

4.1 

3.8 

2.7 

1.9 

1.8 

0.6 

1.0 

0.20 

0.22 

1.06 

7.30 

7.15 

4.24 

5.29 

0.90 

2.22 

2.76 

1.65 

0.12 

1.53 

0.77 

1.93 

4.48 

2.48 

3.40 

1.82 

1.72 

1.83 

4.79 

0.75 

1.45 

0.47 

0.50 

0.50 

2.12 

3.85 

6.46 

0.62 

1.74 

2.44 

1.10 

0.90 

0.32 

25.1 
33.11 
26.95 
21.02 


LINCOLN. 


Normal 
1896. . . . 

1897 

1898...- 


0.77 

0.97 

1.29 

2.46 

4.25 

4.39 

3.90 

3.10 

LOO 

1.85 

0.75 

0.68 

0.32 

0.27 

L28 

4.57 

10.11 

3.05 

5.63 

3.39 

4.57 

3.02 

1.48 

0.37 

0.65 

0.90 

L48 

6.15 

2.22 

2.17 

2.54 

2.69 

L71 

2.77 

0.29 

2.10 

0.83 

0.99 

1.40 

3.88 

4.33 

3.99 

3.93 

3.45 

2.32 

L55 

0.95 

0.48 

26.31 
38.06 
25.67 
28.10 


Normal . 

1896 

1897 

1898 


AVERAGES. 


0.63 

0.68 

1.24 

2.32 

2.10 

2.77 

2.63 

2.05 

1.28 

L18 

0.59 

4.29 

0.47 

0.23 

L61 

3.49 

2.92 

2.92 

3.40 

L71 

2.07 

L30 

0.84 

0.16 

0.77 

0.67 

L95 

2.91 

1.91 

2.90 

2.35 

2.69 

1.07 

2.69 

0.47 

L20 

0.55 

0.47 

1.58 

L71 

4.28 

3.14 

1.98 

1.87 

L27 

0.80 

0.79 

0.44 

21.76 
18.20 

21.58 
17.88 


Run-off,  in  inches,  from  Platte  drainage  basin. 
LARAMIE  RIVER  AT  WOODS  LANDING. 


Tear. 

Jan. 

Eeb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1896 :.. 

0.36 
0.23 
0.33 

L64 
5.22 
1.68 

1.19 
4.01 
2.49 

0.33 
0.70 
0.23 

0.24 
0.24 
0.12 

0.29 
0.17 
0.10 

0.15 
0.16 
0.12 

1897 

0.18 

0.17 

0.18 

0.17 

0.18 

11.61 

1898 

Average . 

0.17 

0.18 

0.17 

0.18 

0.31 

2.85 

2.56 

0.42 

0.20 

0.19 

0.14 

0.18 

7.55 

NORTH  PLATTE  AT  ORIN  JUNCTION. 

1896 

0.14 
0.36 
0.14 

0.21 

0.39 
1.08 
0.43 

0.39 
0.68 
0.46 

0.10 
0.14 
0.10 

0.08 
0.08 
0.04 

0.08 
0.04 
0.03 

0.04 
0.03 
0.046 

0.04 
0.045 

0.04 
0.054 

2.79 
4.37 

1897...., 

1898 

0.07 
0.054 

0.09 
0.064 

0.12 
0.054 

Average . 

0.062 

77 

0.087 

0.63 

0.51 

0.11 

0.07 

0.05 

0.039 

0.043 

0.047 

1.94 

LARAMIE  AT  UVA. 

1896 

0.030 
0.250 
0.027 

0.090 
0.450 
0.150 

0.230 

0.090 
0.368 
0.230 

0.229 

0.010 
0.015 
0.009 

0.020 
0.  039 
0.001 

0.000 
0.004 
0.001 

0.000 
0.006 
0.001 

1897 

0.036 
0.005 

0.  032 
0.005 

0.019 

0.054 
0.011 

0.006 
0.003 

0.006 
0.  007 

1.27 
0.45 

1898 

Average . 

0.021 

0.033 

0.102 

0.011 

0.020 

0.002 

0.002 

0.005 

0.007 

0.68 
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Bun-off,  in  inches,  from  Platte  drainage  hasin — Continued. 
NORTH  PLATTE  AT  GERING. 


Tear. 


1896. 
1897. 
1898. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


'Nov. 


Dec. 


Annual. 


0.14 


0.35 


0.41 


0.100 
0.097 


0.040 
0.008 


0.020 
0.005 


0.020 
0.012 


0.02 


0.02 


Average . 


0.14 


0.35 


0.41 


0.099 


0.024 


0.013 


0.016 


0.02 


0.02 


NORTH  PLATTE  AT  CAMP  CLARKE. 


1897. 
1898. 


Average 


0.106 


0.106 


0.095 


0.095 


0.060 


0.060 


0.164 
0.080 


0.122 


0.400 
0.250 


0.325 


0.332 
0.330 


0.331 


0.099 
0.080 


0.049 
0.010 


0.090    0.030 


0.022 
0.040 


0.031 


0.022 
0.010 


0.016 


0.022 


0.022 


0.023 


0.023 


1.39 


L25 


NORTH  PLATTE  AT  NORTH  PLATTE. 


1896 
1897 
1898 


0.078 
0.200 
0.100 

0.180 
0.565 
0.210 

0.240 
0.545 
0.270 

0.046 
0.149 
0.080 

0.037 
0.116 
0.010 

0.033 
0.024 
0.010 

0.046 
0.046 
0.020 

0.083 
0.084 
0.040 

0.175 
0.207 
0.140 

......... 

0.280 
0.210 

0.236 

0.200 

0.158 
0.090 

Average . 

0.250 

0.218 

0.124 

0.126 

0.318 

0.352 

0.092 

0.054 

0.022 

0.037 

0.069 

0.174 

2.61 
1.38 

1.84 


LOTJP  AT  COLUMBUS. 


1897. 
1898. 


Average 


0.30 
0.23 


0.27 


0.21 
0.30 


0.26 


0,20 
0.33 


0.27 


0.30 
0.16 


0.23 


0.20 
0.23 


0.22 


0.16 
0.17 


0.17 


0.36 
0.21 


0.29 


0.22 


0.22 


BEAR  CREEK  AT  MORRISON. 


1896. 
1897. 
1898. 


Average 


0.28 


0.35 
1.02 
0.74 


0.70 


0.21 
1.15 
0.93 


0.76 


0.17 
0.78 
1.01 


0.65 


0.30 
1.35 
0.45 


0.70 


0.32 
0.44 
0.30 


0.35 


0.22 
0.37 
0.20 

0.26 


0.22 
0.16 


0.19 


0.14 


0.14 


SOUTH  PLATTE  AT  DENVER. 


1896- 
1897. 
1898- 


Average  - 


0.060 

0.050 

0.070 

0.090 

0.090 

0.060 

0.040 

0.030 

0.040 

0.030 

0.030 

0.030 

0.029 

0.023 

0.054 

0.136 

0.220 

0.297 

0.118 

0.206 

0.078 

0.081 

0.118 

0.066 

0.040 

0.040 

0.030 

0.110 

0.440 

0.450 

0.660 

0.100 

0.060 

0.040 

0.  030 

0.030 

0.043 

0.038 

0.051 

0.112 

0.250 

0.269 

0.273 

0.112 

0.059 

0.050 

0.059 

0.042 

BOULDER  CREEK  AT  BOULDER. 


0.62 
L43 
2.03 

1.86 


1895. 
1896. 
1897. 
1898. 


0.50 


1.19 
1.54 
3.66 
2.63 


3.12 
1.65 
5.01 
4.89 


2.28 
0.97 
3.83 
2.41 


L33 
0.64 
2.41 
0.70 


0.54 
0.46 
0.90 
0.32 


0.29 
0.21 
0.53 
0.09 


0.41 
0.44 


0.68 


Average . 


0.50 


2.26 


3.67 


2.37 


L27 


0.56 


0.26 


0.43 


0.68 
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Run-off,  in  inches,  from  Platte  drainage  &asm— Continued. 

ST.  VRAIN  AT  LYONS. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

2.34 
1.71 
3.56 
2.30 

2.48 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1895 

2.26 
1.16 
2.53 
L27 

1.27 
0.87 
L51 
0.58 

L06 

0.49 
0.68 
0.65 
0.32 

1.04 
0.30 
0.24 
0.08 

1896  ... 

0.39 

1.27 
2.82 
L16 

1897 

0.19 
0.07 

0.22 

1898     

Average . 

0.39 

L75 

1.81 

0.54 

0.42 

0.13 

0.22 

BIG  THOMPSON  CREEK  AT  ARKINS. 

1896 

0.83 
L58 
0.62 

1.03 
1.68 
1.38 

0.85 
LOO 
0.90 

0.54 
0.49 
0.29 

0.44 
0.13 
0.11 

0.25 
0.07 
0.04 

1897 

0.10 

0.02 

0.15 

1898 

Average . 



LOl 

L36 

0.92 

0.37 

0.23 

0.12 

(J.  06 

0.15 

SOUTH  PLATTE  AT  ORCHARD. 

1895 

0.024 

0.071 
0.074 
0.115 
0.250 

0.851 
L590 

1896 

1897 

0.072 
0.059 
0.100 

0.026 
0.047 
0.730 

0.054 
0.013 
0.070 

0.048 
0.030 



0.084 
0.180 

0.240 
0.080 

0.032 
0.010 

0.021 

0.075 
0.030 

0.009 
0.010 

0.029 
0.020 

0.100 
0.080 

1898 

Average . 

0.077 

0.268 

0.046 

0.039 

0.132 

0.160 

0.053 

0.010 

0.025 

0.068 

0.128 

1.030 

PLATTE  AT  COLUMBUS. 

1897 

0.24 
0.12 

0.33 
0.22 

0.06 
0.06 

1898 

0.03 

Average . 

0.03 

0.18 

0.28 

0.06 

NORTH  LOUP  AT  ST.  PAUL. 

1897 

0.29 

0.26 

0.29 

0.37 

0.28 

0.32 

0.28 

0.21 

0.22 

0.29 

0.28 

0.29 

3.38 

1898        

Average . 

0.28 

0.29 

0.26 

0.29 

0.37 

0.32 

0.28 

0.21 

0.22 

0.29 

0.28 

0.29 

3.38 

ELKHORN  AT  NORFOLK. 

1897 

0.46 

0.37 

0.37 

0.21 

0.25 
0.33 

0.14 
0.35 

0.12 
0.15 

0.09 
0.14 

0.07 
0.09 

0.09 
0.12 

0.09 
0.13 

0.09 

2.14 

1898 

Average . 

0.46 

0.37 

0.37 

0.21 

0.29 

0.25 

0.14 

0.12 

0.08 

0.11 

0.11 

0.09 

2.60 
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Rainfall  and  run-off. 


Station. 


RAINFALL. 


Lander 

Laramie 

St.  Cloud 

Wheatland 

Fort  Laramie 

Gering 

Cheyenne 

Fort  Collins 

Moraine 

Smoky  Hill  mine. 

Georgetown 

Alma 

Castle  Rock 

Denver 

Greeley 

Kimball 

Alliance 

Sidney 

North  Platte  . . . . . 

Thedford 

Lexington 

Kearney 

Ravenna 

Ansley 

Burwell 

North  Loup 

Palmer 

Ericson 

Oakdale 

O'Neill 

Norfolk 

Cornelia 

Genoa 

Marquette 

Lincoln 


Average , 


RUN-OFF. 

Laramie  at  Woods 

North  Platte  at  Orin  Junction 

Laramie  at  Uva 

North  Platte  at  Gering 


Normal. 


11.09 

11.40 

18.12 

10.34 

12.50 

14.07 

12.90 

14.11 

17.86 

25.15 

16.04 

14.97 

18.40 

14.42 

n.33 

14.18 

16.88 

14.40 

18.20 

18.03 

20.52 

24.90 

24.80 

21.07 

19.64 

23.01 

24.04 

21.41 

22.80 

22.17 

25.85 

24.10 

26.90 

25. 10 

26.31 


18.77 


7.55 
1.94 
0.68 


1896. 


n.07 

13.80 
16.81 
12.84 
14.67 
14.69 
20.79 
15.76 
17.28 
21.37 
15.01 
14.19 
20.44 
n.84 
13.52 
14.38 
16.11 
18.35 
16.72 
19.66 
22.23 
29.82 
27.50 
2L32 
20.71 
30.37 
29.10 
26.73 
29.44 
28.35 
29.61 
23.05 
30.01 
33.11 
38.06 


2L10 


1897. 


n.2i 

12.46 


9.70 
13.75 
n.63 
17.25 
15.24 
18.87 
32.57 
20.82 


27.65 
15.37 
16.09 
20.92 
14.55 
17.76 
17.09 
15.90 
21.79 
30.01 
32.75 
27.13 
17.70 
28.10 
31.35 
25.21 
25.17 
26.13 
23.65 
29.81 
30.85 
26.95 
25.67 


2L55 


11.61 
2.79 
1.27 


1898. 


17.99 
7.63 


12.44 
12.96 


13.05 
n.03 
16.86 
25.14 


20.23 
12.98 
15.95 
18.08 
13.44 

15.54 


18.51 
21.24 
18.50 
17.86 
18.18 
16.50 
24.04 
15.66 
22.59 
20.37 
19.83 


22.80 
21.02 
28.10 


17.84 


4.37 
0.45 


/ 
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Bain/all  and  run-off — Continued. 


Station. 

Normal. 

1896. 

1897. 

1898. 

RUN-OFF — continued. 

North  Platte  at  Camp  Clarke 

North  Platte  at  North  Platte 

Platte  at  Columhus . 

1.25 
1.84 

1.39 
2.61 

L38 

Loud  at  Columbus 

Bear  Creek  at  Morrison 

South  Platte  at  Denver 

1.36 

0.62 

1.43 

2.03 

Boulder  Creek  at  Boulder 

St.  Vrain  Creek  at  Lvons    .   . . 

Bier  Thomnson  Creek  at  Arkins  . . . 

South  Platte  at  Orchard 

L03 
3.38 
2.60 

0.85 
3.38 
2.14 

1.59 

North  Loup  at  St.  Paul 

Elkhorn  at  Norfolk 

Average  run-off 

Percentage  of  rainfall 

2.40 

0.62 

3.05 

L96 

12.79 

14.15 

10.99 

NORTH  PLATTE   RIVER. 

Estimated  monthly  discharge  of  North  Platte  Biver  at  Orin  Junction,  Wyoming. 

[Drainage  area,  14,828  square  miles.] 


Mouth. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November . 
December  . 


Mini- 
mum. 


3,895 

15,  635 

7,880 

3,512 

825 

550 


The  year. 


700 
2,555 
3,895 
700 
430 
370 


Mean. 


a  700 

a  900 

a  700 

1,859 

5,552 

6,061 

1,284 

583 

399 

a  600 

a  600 

a  700 


1,662 


Total  in  acre- 
feet. 


«  43,  042 

a  49,  983 

a  43,  042 

110,  622 

341,  381 

360,  654 

78,  951 

35,  849 

23,  742 

a  36, 893 

a  35,  702 

a  43,  042 


1,  202,  903 


Run-off. 


Depth  in 
inches. 


a  0.05 

a  0.06 

a  0.05 

0.14 

0.43 

0.46 

0.10 

0.04 

0.03 

a  0.05 

a  0.05 

a  0.05 


1.51 


Second- 
feet  per 
square 
mile. 


a  0.05 

a  0.06 

a  0.05 

0.13 

0.37 

0.41 

0.09 

0.04 

0.03 

a  0.04 

a  0.04 

aO.  05 


0.11 


a  Approximate. 

Note. — Gage  heights  for  1898  are  given  in  Water- Supply  and  Irrigation  Paper  No.  27,  page  79; 
measurements,  page  86;  rating  table,  page  88;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  83,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  304  to  307. 
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Fig.  90. — Discharge  of  North  Platte  Eiver  at  Orin  Junction,  "Wyoming,  1898. 
Estimated  monthly  discharge  of  North  Platte  Biver  at  Gering,  Nebraska. 

[Drainage  area,  24,340  square  miles.] 


Month. 


1898. 

April 

May 

June 

July 

August. 

September 
October  ... 


Discharge  in  second-feet. 


Maxi- 
mum. 


6,500 

18,  500 

12, 150 

5,700 

350 

200 

500 


Mini- 
mum. 


1,000 

3,400 

5,700 

500 

100 

50 

100 


Mean. 


Total  in  acre- 
feet. 


Run-off. 


Depth  in 
inches. 


Second- 
feet  per 
square 
mile. 


3,108 

7,  326 

9,002 

2,048 

177 

100 

258 


184,  938 
450,  461 
535,  655 
125,  927 

10,  883 
5,950 

15,  864 


0.14 

0.35 

0.41 

0.10 

0.01 

0.005 

0.01 


0.13 

0.30 

0.37 

0.08 

0.01 

0.004 

0.01 


Note.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  80; 
measurements,  page  86;  rating  table,  page  88;  results  for  1897,  in  Water-Supply  and  Irrigation  Paper 
No.  15,  page  84,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  304  to  308. 
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Fig.  91.— Discharge  of  North  Platte  Eiver  at  Gering,  Nebraska,  1898. 

Estimated  monthly  discharge  of  North  Platte  Biver  at  Camp  Clarke,  NehrasTca. 

[Drainage  area,  24,830  square  miles.] 


Month. 


Discharge  in  second -feet. 


Maxi- 
mum. 


1898. 

April 3,  400 

May 17,000 

June 10,600 


July 


August. 


September 
October  . . . 


4,200 
800 
200 
425 


Mini- 
mum. 


675 

2,350 

4,550 

780 

60 

60 

110 


Mean. 


1,630 

5,403 

7,390 

1,617 

266 

110 

245 


liun-off. 


Total  in  acre- 
feet. 

Depth  in 
inches. 

96,  992 

0.08 

332,  220 

0.25 

439,  735 

0.33 

99,  426 

0.08 

16,  356 

0.01 

6,545 

0.004 

15,  065 

0.01 

Second- 

feet  per 

square 

mile. 


0.07 

0.22 

0.30 

0.07 

0.01 

0.004 

0.01 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  80; 
measurements,  page  86;  rating  table,  page  88;  results  for  1897,  in  Water  Supply  and  Irrigation  Paper 
No.  15,  page  85,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  308  to  310. 
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Fig.  92.— Discharge  of  North  Platte  River  at  Camp  Clarke,  Nebraska,  1898. 

Estimated  monthly  discharge  of  North  Platte  River  at  North  Platte,  Nehraska. 

[Drainage  area,  28,517  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January 5,848 

February 8,270 

March 3,354 

April 3,785 

May 14,646 

June  -  _ 12,  034 

July 4,433 

August 1,413 

September 984 

October 697 

November 2,  275 


Mini- 
mum. 


Mean. 


December 


The  year 


4,433 


14,  646 


4,864 

2,922 

1,270 

1,557 

3,570 

4,433 

324 

80 

50 

254 

660 

2,275 


50 


5, 178 

5,342 

2,226 

2,540 

5,276 

6,878 

1,846 

353 

352 

471 

1,088 

3,472 


Total  in  acre- 
feet. 


2,919 


318,  383 

296,  679 

136,  871 

151, 140 

324,  409 

409,  269 

113,  506 

21,  705 

20,  945 

28,  961 

64,  740 

213,  486 


Hun -off. 


Depth  in 
inches. 


2, 100,  094 


0.21 
0.20 
0.09 
0.10 
0.21 
0.27 
0.08 
0.01 
0.01 
0.02 
0.04 
0.14 


Second- 
feet  per 
square 
mile. 


1.38 


0.18 
0.19 
0.08 
0.09 
0.19 
0.24 
0.07 
0.01 
0.01 
0.02 
0.04 
0.12 


0.10 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  81 ;  meas- 
urements, page  86 ;  rating  table,  page  88 ;  results  for  1897  in  Water- Supply  and  Irrigation  Paper  No. 
15,  page  86,  and  in  the  Nineteenth  Annual  Report,  Part  IV",  page  310. 
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HORSESHOE    CREEK.' 

Horseshoe  Greek  drains  the  northern  slope  of  Laramie  Peak  and 
flows  from  its  base  in  a  northwesterly  direction  for  a  few  miles,  when 
it  turns  to  the  northeast.  After  this  it  cuts  through  the  ridges  which 
run  north  from  the  peak  and  which  form  the  western  limit  of  the  prairie 
land  that  stretches  to  the  North  Platte  Eiver.  Through  this  the  creek 
continues  in  an  easterly  and  southeasterly  course,  finally  emptying  into 
North  Platte  River  on  the  same  side  and  about  30  miles  above  the 
mouth  of  Laramie  Eiver.  Fig.  93  shows  the  relative  location  of  the 
irrigation  ditches  along  the  lower  course  of  the  stream. 


T.Z9N.R.70W. 


r.Z9N.R.69W. 


T.Z9N.  ff.eew. 


T.ZQN.R.70W. 


1  P.  McFarland  ditch  No.  1. 

2  P.  McFarland  ditch  No.  2. 

3  P.  McFarland  ditch  No.  3. 

4  Reeders  ditch. 

5  W,  S.  Wala  ditch  No.  1. 

6  W.  S.  Wala  ditch  No.  2. 

7  P.  Freaney  ditch. 

8  M.  Moran  ditch. 

9  St.  Dennis  ditch. 

10  T.  Freany  ditch  No.  1. 

11  T.  Freany  ditch  No.  2. 

12  T.  Freany  ditch  No.  3. 

13  David  Gordon  ditch. 

14  J.  Moran  ditch  No.  1. 

29  Howard  branch 


15  J.  Moran  ditch  No.  2. 

16  P.  Hall  ditch  No.  1. 

17  P.  Hall  ditch  No.  2. 

18  P.  Paulson  ditch  No.  1. 

19  P.  Paulson  ditch  No.  2. 

20  Moran  and  Torgerson  ditch. 

21  Torgerson  ditch. 

22  Wellmau  and  Dupe  ditch. 

23  Dupe  and  SchoHnisky  ditch. 

24  Shives  ditch. 

25  Walker  ditch  No.  1. 

26  Walker  ditch  No.  2. 

27  Walker  ditch  No.  3. 

28  Smith  branch  McDermott  ditch. 
McDermott  ditch. 


Pig.  93. — Ditches  diverting  water  from  Horseshoe  Creek,  Wyoming. 

The  country  lying  north  of  Laramie  Peak,  which  is  drained  by  this 
stream,  is  called  Horseshoe  Basin.  It  abounds  in  meadow  land,  the 
surface  being  broken  by  giant  granite  bowlders  and  ridges.  These 
ridges  in  particular  aid  the  ranchmen  of  the  park  in  keeping  their 
flocks  and  herds  on  a  fixed  range,  and  by  fencing  between  ridges  at 
intervals  a  stockman  can  often  control  a  large  area.  The  principal 
forage  growth  is  buffalo  grass,  which  during  June,  1898,  attained  a 
height  of  5  or  6  inches.  The  ranch  houses  and  improvements  gener- 
ally are  permanent  in  character.  Surveys  of  two  reservoir  sites  were 
made  by  Mr.  Clarence  T.  Johnston  during  the  spring  of  1898. 

RESERVOIR   SITES  ON   HORSESHOE   CREEK, 

The  dam  site  of  the  largest  reservoir  (fig.  94)  is  located  10  miles  north 
of  the  summit  of  Laramie  Peak,  in  Albany  County,  Wyoming,  and  on 
Horseshoe  Creek,  at  one  of  the  gorges  where  the  creek  cuts  through  a 


1  Keport  by  Clarence  T.  Johnston. 
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ridge  on  its  way  to  the  open  country.  At  this  locality,  according  to  the 
descriptions  by  Mr.  Johnston,  the  water  has  worn  away  a  solid  granite 
ridge  (shown  in  fig.  95).  At  a  height  of  80  feet  above  low-water 
mark  the  gorge  is  58.37  feet  wide.  This  narrows  to  15.36  feet  at  46  feet 
above  the  same  line.  An  unlimited  supply  of  granite  can  be  had  at 
the  dam  site  for  a  masonry  dam,  and  timber  can  be  secured  within  a 
few  hundred  feet  for  the  construction  of  a  rock-filled  crib  dam. 

One  thousand  and  fifty  yards  of  masonry  would  build  a  circular-arch 
dam  60  feet  long  on  top,  30  feet  long  on  the  bottom,  60  feet  high,  and 
having  a  thickness  of  15  feet  at  the  bottom  and  6  feet  at  the  top.  At 
$8  ner  yard  the  masonrv  dam  would  cost  $8,400.     Two  2-foot  cast 


Fig.  94.— Proposed  reservoir  No.  1  on  Horseshoe  Creek, 

valves  and  30  feet  of  2-foot  cast  pipe  in  place  would  add  $500,  making 
a  total  outlay  of  $8,900,  or  $10  per  acre-foot  of  water  stored. 

A  rock-filled  crib  dam  would  cost  less  than  $1,000,  if  not  built  above 
50  feet  in  height;  adding  $500  to  this  for  valves  and  pipe,  the  entire 
outlay  for  a  reservoir  storing  361  acre-feet  would  be  $1,500.  This  is 
less  than  $5  per  acre-foot. 

Three  hundred  and  fifty  feet  above  the  dam  site  a  second  ridge  has 
been  worn  away.  On  the  north  side  of  this  a  cliff  extends  vertically 
above  the  water  for  130  feet.  That  on  the  south  side  is  high,  but  it 
does  not  rise  as  abruptly  from  the  water's  edge. 

The  fall  of  the  stream  in  this  vicinity  is  unfortunately  large.  The 
cheapness  of  the  work  of  damming  the  stream  is,  however,  so  marked 
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that  the  slope  of  the  stream  bed  toward  the  dam  site  is  partially  com- 
pensated for  by  the  dejith  of  water. 

At  this  site  there  would  be  no  loss  of  water  through  percolation,  as 
the  bedrock  underlies  the  entire  area.  In  average  years  losses  by 
evaporation  would  be  made  up  by  local  jjrecipitation.  This  reservoir 
would  store  sufficient  water  to  enable  all  the  land  along  the  creek  to 


!*COr. 


5^ 


.i^y- 


Tea. 


ft.70 


Fig.  95.— Sketch  of  gorge  at  dam 
site. 

be  cultivated.  Since  the  flow 
of  the  stream  is  in  excess  of 
the  demands  upon  it  until 
June  15,  no  water  would  be 
used  from  the  storage  works 
until  after  June  20.  One  irri 
gation  of  cereal  crops  after 
that  date  would  suffice  to  in- 
sure a  crop. 

The  conditions  on  the  creek 
to-day  are  somewhat  as  fol- 
lows: The  first,  second,  and 
third  rights  on  the  stream 
control  sufficient  water  to  irri- 
gate 1,318  acres  under  the 
Walker  ditches,  shown  in  fig. 

93  as  ditches  Nos.  25, 26,  and  27.  This  land,  under  the  State  law,  is  enti- 
tled to  18.83  feet  of  water  per  second.  It  is  located  near  the  mouth  of  the 
creek,  and  its  return  seepage  waters  are  of  no  benefit  to  the  other  irri- 
gators. On  June  24,  1898,  the  creek  contained  22.45  cubic  feet  per 
second  above  all  diverting  works.  This  is  less  than  4  cubic  feet  per 
second  in  excess  of  what  the  first  three  rights  possess,  and  the  water 
commissioner  was  called  upon  to  close  the  headgates  of  the  ditches 


Fig.  96. — Small  reservoir  on  Horseshoe  Creek. 
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having  later  appropriatious,  that  the  Walker  ditches  might  receive 
their  allotmeut.  The  total  amount  of  water  decreed  to  the  ditches  on 
Horseshoe  Creek  is  58.4G  cubic  feet  per  second. 

The  minimum  discharge  of  the  creek  is  20  cubic  feet  per  second. 
Nearly  40  cubic  feet  per  second  is  wanting  to  supply  the  ditches  for 
10  days  or  2  weeks.  The  reservoir  would  furnish  40  cubic  feet  ]}ev 
second  for  11  days  and  30  cubic  feet  per  second  for  2  weeks.  After 
the  reservoir  supply  was  exhausted  such  surplus  water  as  flows  from 
local  rains  could  be  held  for  the  crops  requiring  late  irrigation. 

A  second  site,  known  as  the  McFarlane  site,  is  not  so  x>romising  as 
that  described  above.  It  is  located  immediately  east  of  the  mountains, 
on  a  small  tributary  to  Horseshoe  Creek  on  the  south.  The  formation 
there  is  sandstone,  this  material  underlying  the  entire  basin,  so  that 
no  water  would  be  lost  through  seepage.  The  creek  follows  a  canyon 
for  1,800  feet  before  entering  the  Horseshoe  Creek  meadows.  In  this 
canyon  three  dam  sites  were  surveyed  and  the  water  line  of  the  res- 
ervoir for  each  was  located.  Dam  site  No.  1  promises  the  cheapest 
water  storage.  It  will  require  a  dam  70  feet  high  and  176  feet  long. 
If  made  of  earth  it  would  require  75,000  yards  of  material  and  cost  $10 
per  acre-foot  of  water  stored.  This  is  estimating  the  work  at  10  cents 
per  yard  and  adding  $500  for  valves  and  pipes.  An  overflow  could  be 
made  at  the  northern  extremity  of  the  dam,  where  the  bed  rock  crops 
out.  Fig.  96  gives  the  outline  of  this  reservoir  and  the  relative  sec- 
tions at  the  dam  sites.  The  other  sites  compare  as  follows  with,  site 
No.  1: 


Dam 
site. 

Height 
dam. 

Capacity 
reservoir. 

Material  in 
dam. 

Quantity. 

Cost  per 
yard. 

Cost  +  $500 
for  outlet. 

Cost  per 
acre-foot. 

Feet. 

Acre-feet. 

Cubic  yards. 

No.  1. 

75 

791 

Earth  ... 

75,  000 

$0.10 

$8,  000 

$10.  00 

No.  2. 

30 

110 

Masonry 

400 

10.00 

4,500 

41.00 

No.  3. 

70 

442 

Earth. .. 

52,  000 

.10 

5,700 

12.80 

Characteristic  views  of  the  reservoir  sites  described  above  are  shown 
on  the  accompanying  Pis.  XXIII  and  XXIV.  In  PI.  XXIII,  A^  is  a 
picture  of  the  gorge  on  Horseshoe  Creek  in  the  upper  reservoir  site, 
the  location  being  shown  on  the  small  map,  fig.  94.  J5is  a  view  of  one 
of  the  ranch  houses  on  the  creek.  In  PI.  XX I A^,  ^1,  is  a  i^icture  of  the 
dam  site  of  the  small  reservoir,  the  outline  of  which  is  shown  in  fig.  96. 

20  GEOL,  FT  4 18 
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LARAMIE    RIVER. 

Estimated  monthly  discharge  of  Laramie  Biver  at  Woods  Landing,  Wyoming. 

[Drainage  area,  435  square  miles.] 


Month. 


1898. 
April 

May 

June 

July 

August 

September  .. 

October  1-20 


Discharge  in  second-feet. 


Maxi- 
mum. 


350 

1,572 

1,400 

200 

50 

40 

45 


Mini- 
mum. 


85 
125 
245 
50 
40 
40 
45 


Mean. 


129 

636 
969 
89 
44 
40 
45 


Total  in  acre- 

feet. 

7,676 

39, 106 

57,  659 

5,472 

2,705 

2,380 

2,767 

Run-off. 


Depth  in 
inches. 


0.33 


68 
49 
23 
12 
10 
12 


Second- 
feet  per 
square 
mile. 


0.30 
1.46 
2.23 
.20 
.10 
.09 
.10 


Note.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  78; 
measurements,  page  80;  rating  table,  page  88;  rates  for  1897  in  Water-Supjjly  and  Irrigation  Paper 
No.  15,  page  81;  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  300  to  302. 
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Fig.  97.— Discharge  of  Laramie  River  at  Woods  Landing,  Wyoming,  1896-98. 
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Estimated  monthly  discharge  of  Laramie  River  at  Uva,  Wi/oming. 

[Drainage  area,  3,179  square  miles.] 


Month. 


1898. 
January  ... 
February   .. 

IMarcli 

April 

May 

June 

July 


August. 


September 

October 

November  6-26 
December 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


190 

1,220 

970 

62 

5 

2 

4 


Mini- 
mum. 


45 

50 
80 
1 
1 
2 
2 


Mean. 


a  15 

a  15 

a  30 

76 

413 

654 


27 


2 
2 
3 
9 
tt  18 


105 


Total  in  acre- 
feet. 


a  922 

«833 

a  1,  844 

4,522 

25,  395 

38,  916 

1,660 

135 

119 

154 

536 

1,107 


76, 143 


liun-off. 


Depth  in 
inches. 


a  0.005 
a  0.  005 
a  0.011 
0.027 
0.150 
0.230 
0.  009. 
0.001 
0.001 
0.001 
0.003 
0.007 


Second- 
feet  per 
square 
mile. 


aO. 

aO. 
aO. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


005 
005 
009 
024 
130 
206 
008 
001 
001 
001 
003 
006 


0.450  I  0.033 


a  Approximate. 

Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  79 ;  meas- 
urements, page  86;  rating  table,  page  88;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No. 
15,  page  82,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  pages  302  to  304. 
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Fig.  98.— Discharge  of  Laramie  River  atTJva,  "Wyoming,  1895-1898. 


On  PI.  XXY,  yl,  is  a  view  of  the  wagon  bridge  near  Uva,  Wyoming, 
from  which,  or  under  which,  measurements  of  Laramie  Eiver  are  made. 
In  the  same  i)late  at  ^  is  a  general  view  of  the  stream. 


RESERVOIR  SITES  ON   LARAMIE   RIVER. 


Laramie  River  has  been  described  in  the  Nineteenth  Annual  Report, 
Part  IV,  beginning  on  page  300.  Measurements  of  the  stream  are 
made,  as  shown  by  the  above  tables,  at  Woods  Landing,  where  the 
river  leaves  the  mountains  and  enters  upon  Laramie  Plains,  and  again 
at  Uva  after  most  of  the  water  has  been  diverted  for  irrigation  and 
before  what  is  left  in  the  stream  empties  into  North  Platte  River.  One 
of  the  most  important  diversions  from  the  river  is  that  of  the  Wyoming 
Development  Company,  whose  works  are  described  and  illustrated  in  the 
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volume  just  named.  The  development  of  irrigation  under  this  system 
has  been  such  as  to  render  necessary  additional  water  storage  besides 
that  provided  by  the  reservoirs  in  the  vicinity  of  Wheatland.  Fortu- 
nately there  exists  a  natural  depression  or  peculiar  combination  of 
topographic  features  such  as  to  render  possible  storage  of  waters  along 
tlie  course  of  Laramie  Eiver  above  the  point  of  diversion  of  the  tunnel 
of  the  Wyoming  Development  Com- 
pany. This  reservoir  has  been  sur- 
veyed by  Mr.  Clarence  T.  Johnston, 
the  principal  outlines  being  given 
in  the  accompanying  fig.  99.  There 
already  exist  three  small  lakes,  fill- 
ing depressions  in  the  ground.  By 
throwing  a  relatively  low  dam 
across  the  river  at  the  point  shown 
water  can  be  held  within  the  space 
inclosed  by  the  irregular  line,  the 
total  area  being  5,060  acres. 

SOUTH    PLATTE   RTVER. 

The  sources  of  South  Platte 
River  are  in  what  is  known  as  South 
Park,  situated  very  nearly  in  the 
center  of  Colorado,  in  the  mountain- 
ous regions  about 
75  miles  south- 
west from  Denver. 
South  Park  forms 
a  large  basin,  sur- 
rounded by  moun- 
tain peaks,  some  of 
which  reach  an  alti- 
tude of  over  13,000 
feet 5  the  average 
elevation  of  the 
park  itself  is  about 
8,000  feet.  Some 
hundreds  of  small 
irrigation  ditches,  from  which  irrigation  is  practiced,  are  taken  out 
within  the  limits  of  the  i)ark,  but  the  altitude  is  too  high  to  raise  much 
excepting  the  hardiest  crops. 

Leaving  South  Park  the  river  flows  for  a  distance  of  30  or  40  miles 
through  a  deep  canyon,  known  as  Platte  Canyon.  In  this  canyon  and 
arso  in  the  park  above  are  several  large  reservoir  sites,  which  have 
been  filed  upon  under  the  laws  of  the  State  of  Colorado  by  various 
comi)anies,  for  the  storage  of  water.     Sites  particularly  worthy  of  men- 
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tioii  are  the  Tarryall  site,  or  ''  Rampart  reservoir,"  on  Tarry  all  Greek, 
wliicli  proposes  to  store  4,110,G78,89G  cubic  feet  of  water;  the  Denver 
Power  and  Irrigation  Company's  reservoir,  with  1,244,951,310  cubic 
feet,  and  a  still  larger  one  by  the  Denver  Union  Water  Company,  which 
has  already  begun  work.  All  of  these  reservoirs  are  designed  to  store 
water,  both  for  i)Ower  and  irrigation. 

Another  important  project  is  a  proposed  reservoir  near  Fort  Morgan, 
about  75  miles  below  Denver,  which  is  expected  to  store  water  for  the 
irrigation  of  a  large  body  of  land  in  that  vicinity.  The  ex[)ectation  of 
the  owners  of  the  enterprise  is  to  save  the  winter  flow,  as  well  as  that 
of  the  flood  season,  the  records  kept  by  this  office  at  Orchard  demon- 
strating that  the  winter  flow  is  ample  to  furnish  water  to  fill  a  number 
of  such  reservoirs.  It  seems  probable  that  this  work,  which  is  under 
the  direction  of  Mr.  D.  A.  Camfield,  of  Greeley,  Colorado,  may  result  in 
reclaiming  upwards  of  30,000  acres. 

The  river  begins  to  enter  the  plains  at  a  point  about  20  miles  south- 
west of  Denver,  flowing  in  a  nearly  northerly  direction  to  a  point  near 
the  town  of  Greeley,  where  it  is  joined  by  its  main  tributary,  the  Cache 
la  Poudre;  thence  it  turns  in  a  more  easterly  direction,  and  leaves  the 
State  of  Colorado  at  a  point  near  its  northeast  corner,  joining  the 
North  Platte  and  forming  the  Platte  Eiver  some  miles  below.  After 
entering  the  plains  many  large  ditches  are  taken  from  it,  making  use 
of  its  waters  for  irrigation  to  such  an  extent  that  the  stream  becomes 
practically  dry  during  the  greater  XDart  of  the  irrigating  season  for  70 
or  80  miles  above  where  it  joins  the  North  Platte,  although  water  is 
used  during  the  high  stages  of  the  stream  for  some  distance  into 
Nebraska. 

Two  stations  were  maintained  upon  the  South  Platte  itself  in  the 
year  1898,  no  reports  having  been  made  for  the  station  located  at 
Deansbury,  described  in  Part  lY  of  the  Nineteenth  Annual  Report  of 
the  United  States  Geological  Survey,  on  page  311,  and  in  Water-Supply 
and  Irrigation  Paper  No.  15,  page  87.  The  first  station  upon  the  river 
maintained  during  the  year  was  the  one  at  Denver.  The  observer  was 
J.  H.  Hodgson,  water  commissioner  of  district  No.  2.  The  second  was 
at  Orchard,  as  described  in  Water-Supply  and  Irrigation  Paper  No.  15, 
page  89,  excepting  that  the  station  was  moved  about  300  yards  down- 
stream to  a  county  bridge,  a  vertical  gage  rod  being  spiked  to  a  pile 
nearly  in  the  center  of  the  bridge. 

The  discharge  of  the  South  Platte  was  in  general  somewhat  higher 
than  the  normal  early  in  the  season,  owing  to  spring  and  summer  rains 
in  the  mountains,  and  rather  less  than  the  normal  later  in  the  season. 
The  supply  was  sufficient  to  mature  good  crops  generally  in  the  culti- 
vated area  along  its  banks,  although  very  early  in  the  year,  before  the 
spring  rains  began,  there  was  some  fear  that  there  would  be  a  shortage 
so  great  that  crops  might  be  generally  ruined. 

The  same  is  true  of  the  tributaries  emptying  into  the  South  Platte 
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from  the  west,  upon  a  number  of  which  stations  were  maintained  as 
follows,  the  tributaries  being  given  in  their  order  down  the  South 
Platte:  Morrison  station,  on  Bear  Greek;  Marshall,  on  South  Boulder 
Creek;  Boulder  station,  on  Boulder  Greek;  Lyons  station,  on  St.  Yrain 
Greek;  Arkins  station,  on  Big  Thompson  Eiver;  and  Fort  Collins 
station,  on  the  Cache  la  Poudre  JRiver — all  of  these  tributaries  euter- 
ing  the  South  Platte  from  the  west,  the  Cache  la  Poudre  being  the 
last  and  principal  one.  They  are  all  similar  in  their  nature,  rising  in 
the  Eocky  Mountains  west  and  northwest  of  Denver,  running  for  some 
distance  through  canyons  and  a  mountainous  country,  and  then,  leav- 
ing the  mountains,  for  distances  varying  from  15  to  50  miles  through 
a  rich  agricultural  country,  for  which  the  water  from  the  various 
streams  is  taken  by  means  of  irrigation  ditches.  The  country  through 
which  these  streams  flow  is  in  many  places  well  cultivated,  and  fur- 
nishes an  excellent  example  of  the  success  that  may  be  attained  in 
farming  by  irrigation.  The  normal  flow  of  these  streams  is  i)ractically 
exhausted  throughout  the  greater  part  of  the  season,  but  upon  several 
of  them,  as  well  as  upon  the  South  Platte  itself,  there  is  considerable 
water  going  to  waste,  both  during  the  winter  and  during  the  high- 
water  period,  from  the  middle  of  May  to  the  first  of  July  in  ordinary 
years,  which  will  eventually  be  stored. 

Estimated  monthly  discharge  of  South  Platte  River  at  Denver,  Colorado. 

[Drainage  area,  3,840  square  miles] 


Month. 


1898. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year . 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

334 

69 

164 

239 

90 

153 

184 

50 

121 

759 

50 

377 

2,308 

525 

1,444 

2,020 

308 

1,  5.52 

1,732 

168 

672 

844 

168 

328 

308 

139 

187 

239 

69 

146 

239 

69 

131 

168 

50 

98 

2,308 

50 

448 

Total  in  acre- 
feet. 


10,  084 

8,497 

7,440 

22,  433 

88,  789 

92, 350 

41,  320 

20, 168 

11, 127 

8,977 

7,795 

6,026 


325,  006 


Run-off. 


Depth  in 
inches. 


0.04 
0.04 
0.03 
0.11 
0.44 
0.45 
0.21 
0.10 
0.06 
0.04 
0.03 
0.03 


Second- 
feet  per 
square 
mile. 


1.58 


0.04 
0.04 
0.03 
0.10 
0.38 
0.40 
0.18 
0.09 
0.05 
0.04 
0.03 
0.03 


0.12 


]SroTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  N"o.27,  page  84; 
measurements,  page  86;  rating  table,  page  89.  Results  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  15,  page  88,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  311-315. 
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Fig.  100.— Discharge  of  South  Platte  River  at  Denver,  Colorado,  1898. 


CHERRY    CREEK. 


Cherry  Creek  is  a  tributary  of  the  South  Platte,  entering  from  the 
right-hand  or  Great  Plains  side  and  receiving  the  drainage  of  a  portion 
of  the  high  divide  between  the  Arkansas  and  Platte  drainage  basins. 
The  city  of  Denver  has  been  placed  at  the  junction  of  this  creek  with 
the  river.  In  its  natural  condition  the  stream  was  exceedingly  erratic, 
the  channel  being  dry  throughout  a  considerable  portion  of  the  year, 
but  receiving  at  irregular  intervals  great  volumes  of  flood  waters  from 
what  are  known  as  cloud-bursts  or  local  storms.  In  the  early  history 
of  Denver  these  floods  were  particularly  destructive.  Owing  to  its 
erratic  character  the  stream  has  been  of  little  value  in  irrigation,  since 
a  constant  supply  could  not  be  depended  upon.  In  order  to  remedy 
that  defect  various  storage  projects  for  holding  flood  waters  have  been 
proposed,  and  one  of  these,  that  of  the  Denver  Land  and  Water  Storage 
Company,  has  been  carried  into  effect,  resulting  in  the  construction  of 
the  Castlewood  Dam. 


CASTLEWOOD   DAM. 


The  reservoir  and  datn  of  the  Denver  Land  and  Water  Storage  Com- 
pany are  located  in  Douglas  County,  Colorado,  about  8  miles  south- 
easterly from  Castlerock,  the  county  seat.'  The  drainage  area  above 
the  dam  site  is  comprised  mainly  of  somewhat  rolling  and  rocky  hills 
with  open  valleys.  The  hills  are  covered  with  a  scattering  growth  of 
pine  and  cedar.    The  reservoir  itself  has  an  area  of  180  acres;  the 

'  The  Castlewood  rock-fllled  dam,  and  the  canal  of  the  Denver  Land  and  Water  Company,  by  W. 
P.  Hardesty,  C.  E.,  Progress  Building,  Salt  Lake  City.  Engineering  News,  Vol.  XLI,  No.  6,  page  82, 
February  9, 1899. 
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average  depth  is  34  feet,  and  the  capacity  270,000,000  cubic  feet,  or 
6,198  acre-feet;  the  basiu  is  about  1  mile  loug  by  about  three-quarters 
of  a  mile  iu  width,  the  bottom  being  flat  and  the  sides  comparatively 
steep.  The  dam  is  built  at  a  point  where  the  stream  has  cut  through 
the  rocks,  forming  a  canyon  in  the  sandstone.  Under  this  the  shales 
have  been  converted,  to  a  large  extent,  into  clay,  and  a  solid  rock 
foundation  for  the  dam  could  not  be  had.  It  was  not  practicable  to 
construct  a  solid  masonry  dam,  and  therefore  the  engineer  for  the  com- 
pany, Mr.  A.  M.  Welles,  of  Denver,  decided  upon  a  loose  rock  dam 
with  a  masonry  facing  and  backing.  The  original  outlines  of  the  dam 
are  described  in  the  Thirteenth  Annual  Report,  Part  III.,  on  i)ages  302 
and  303,  and  a  view  of  the  dam  partly  completed  is  given  on  PI.  OXLI, 
of  that  volume. 

A  view  of  Castle  wood  Dam  during  construction  is  shown  in  PI.  XXYI, 
Aj  and  in  the  same  plate  i?  is  a  front  view  of  the  dam,  showing  the  lake 
and  the  general  character  of  the  catchment  basin. 

The  following  statements  from  the  report  by  Mr.  W.  P.  Hardesty 
give  the  principal  data  concerning  this  structure: 

The  dam  is  600  feet  long  on  top,  70  feet  high  above  the  ground  on  the 
upper  and  80  feet  high  on  the  lower  side,  and  8  feet  wide  on  top.  The 
back  or  water  side  is  battered  1  to  10,  the  face  1  to  1.  The  crest  of 
the  dam  is  of  masonry,  4  feet  high  and  8  feet  wide.  The  upper  one- 
half  of  this  is  supported  by  the  masonry  retaining  wall  forming  the 
back.  This  is  a  4-foot  wall  that  slants  or  batters  1  to  10  upstream, 
thus  leaning  the  same  amount  downstream,  and  being  supported  by 
the  loose  rock  filling.  The  lower  slope  wall  is  of  large  blocks  of  stone 
in  single  layers  laid  directly  on  the  loose  rock.  The  upper  wall  is 
carried  into  the  ground  and  rests  on  a  concrete  footing,  at  a  depth 
varying  from  about  5  feet  near  the  ends  to  22  feet  at  the  middle.  The 
natural  foundation  consists  of  a  hard,  sandy  clay.  This  was  partly 
covered  by  large  bowlders,  which  had  to  be  removed.  The  masonry  is 
all  rubble,  laid  in  Portland  cement,  and  the  blocks  of  stone  are  quite 
large.  The  loose  rock  filling  is  also  of  large  pieces  of  stone  dumped  in 
from  above  and  not  arranged  by  hand.  The  weight  of  the  dam  is  esti- 
mated at  100,000  tons,  or  9J  times  the  pressure  of  the  water  against  it 
when  full. 

Near  the  middle  of  the  dam  is  the  spillway  for  carrying  the  surplus 
water.  This  is  100  feet  long  and  is  4  feet  below  the  crest  of  the  dam. 
The  upper  retaining  wall  is  here  made  vertical  on  tlie  inside  and  bat- 
tering on  the  outside,  reaching  a  thickness  of  11  feet  at  the  ground  at 
the  lowest  point.  At  the  toe  of  the  lower  slope  or  wall  a  foot  wall  is 
placed  for  it  to  rest  on,  being  4  feet  wide  and  founded  on  concrete. 
Adjoining  the  west  end  of  the  dam  is  an  additional  spillway  or  by-pass 
about  30  feet  wide.  This  is  excavated  in  the  earth  and  rock,  is  i^aved, 
and  has  masonry  sides. 

At  the  west  end  of  the  si)illway  is  the  valve  chamber.     This  is  6  feet 
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by  7  feet  inside  and  its  walls  are  5  feet  thick  and  vertical.  Where  the 
four  sets  of  pipes  from  the  reservoir  enter  the  chamber  the  upper  wall 
is  stepped  inward  to  give  room  for  working  the  valves  of  each  one,  and 
the  lower  wall  is  cut  under  to  retain  the  size  of  the  chamber,  thus 
requiring  arches  to  support  it. 

The  reservoir  is  tapped  by  four  sets  of  two  12-inch  pipes.  When 
first  built  the  bottom  of  the  reservoir  directly  in  front  of  the  dam 
was  10  feet  below  the  lower  pair,  but  it  has  since  silted  up  to  them. 
Owing  to  the  earth  slope  for  production  of  foundations,  which  at  this 
point  reaches  a  short  distance  above  the  upper  tier  of  outlets,  it  was 
necessary  to  convey  all  the  outlet  pipes  to  the  face  of  the  foundations, 
that  their  intake  ends  might  not  be  obstructed.  To  this  end  they  are 
embedded  in  a  solid  masonry  bench.  They  pass  through  the  upper  wall 
of  the  chamber,  embedded  in  concrete.  At  the  bottom  of  the  chamber 
a  3G-inch  conduit  takes  the  discharge  of  the  12-incli  pipes  and  passes 
it  through  the  dam  and  returns  it  to  the  creek  at  the  lower  side. 

Many  objections  were  made  against  this  dam  while  it  was  being  built, 
by  the  inhabitants  living  along  Cherry  Creek  below  the  dam,  as  it  was 
not  generally  considered  safe.  A  stream  of  water  flowed  from  beneath 
it,  which  gave  additional  uneasiness.  In  the  spring  of  1891  a  committee 
declared  the  dam  faulty  in  construction,  but  thought  it  could  be  made 
perfectly  safe  by  providing  an  embankment  of  earth  on  the  water  side, 
carrying  it  up  to  the  level  of  the  spillway,  paving  it,  and  making  other 
improvements.  An  embankment  had  already  been  built  part  of  the 
way  up,  but  not  as  near  the  ends  of  the  dam  as  originally  intended  by 
Mr.  Welles. 

This  recommendation,  however,  was  not  carried  out,  and  soon  after 
this,  through  neglect,  the  property  began  to  deteriorate.  The  reservoir 
continued  in  use  until  May,  1897,  when  the  dam  partially  failed.  This 
was  caused  by  the  continued  washing  of  the  waves,  finally  undermining 
the  foundation  of  the  masonry  on  the  east  side.  At  this  place  it  settled 
and  several  cracks  2  to  4  inches  deep  were  formed,  extending  horizon- 
tally. The  reservoir  was  full  at  the  time.  The  water  poured  through 
the  cracks  and  came  out  on  the  lower  slope  of  the  dam.  The  reservoir 
was  emptied,  but  during  the  following  August  the  greatest  flood  ever 
known  came  down  and  filled  the  reservoir  in  four  hours.  Water  from 
this  passed  through  the  breaks  for  ten  days,  with  no  additional  damage, 
it  is  said.  The  water  on  reaching  the  toe  of  the  lower  slope  ran  down 
the  angle  formed  by  this  and  the  side  hill,  undermining  the  masonry  so 
that  it  settled  badly  downward  and  outward.  At  the  west  end  of  the 
failure  a  large  crack  ran  up  the  slope. 

During  the  eight  years  that  the  dam  has  stood  there  has  been  no  set- 
tlement of  the  ui)per  wall  of  the  dam,  except  a  comparatively  slight 
one  along  the  part  that  failed.  Beginning  125  feet  to  150  feet  from  the 
west  end,  the  lower  half  of  the  8-foot  crest,  which  rested  on  loose  rock, 
settled  away  so  that  a  large  crack  was  formed  between  it  and  the  upper 
half,  reaching  nearly  to  the  east  end.    This  has  been  repaired  by  rais- 
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ing  tlie  lower  edge  of  the  first  course  of  masonry  of  the  lower  half 
until  the  crack  was  closed,  then  filling  the  open  joint  formed  with 
cement  and  si)awls.  This,  however,  was  only  a  matter  of  appearance 
and  did  not  figure  any  in  the  dam's  stability.  After  the  break  nothing 
was  done  with  the  property  until  1898,  when  energetic  steps  were  taken 
to  put  all  the  system  in  thorough  repair.  The  dam  has  been  repaired 
and  improved  as  follows : 

Where  the  break  started  all  the  masonry  of  the  upper  wall  at  all 
disturbed  was  removed,  making  an  opening  about  30  feet  long,  which 
with  an  arched  top  and  the  addition  of  some  props  supported  itself 
temporarily. 

The  bottom  of  this  was  then  widened  out  by  an  outside  concrete  foot- 
ing and  the  wall  sloped  up  into  the  top  of  the  opening  made.  At  the 
toe  of  the  lower  slope  or  wall  where  it  failed  a  foot  wall  was  laid  to 
prevent  any  future  undermining,  and  the  slope  was  then  restored.  At 
the  foot  of  the  spillway  and  for  50  feet  each  way  an  apron  or  pavement 
of  stone  with  paved  top  was  made  to  catch  the  shock  of  falling  water. 
This  is  about  25  feet  wide  at  the  bottom  of  the  gorge. 

On  the  upper  side  the  embankment  of  earth  was  very  greatly  strength- 
ened. A  clay  puddle  wall  was  put  in  next  to  the  masonry,  beginning 
3  feet  wide  at  the  west  end  and  increasing  to  8  feet  at  the  valve  cham- 
ber. For  150  feet  east  of  here  (covering  the  lowest  i)art  of  the  ground) 
no  puddle  is  used,  but  east  of  there — including  the  break — the  puddling 
is  6  feet  wide.  This  clay  puddle  wall  was  carried  down  to  the  natural 
surface  of  the  ground  for  its  entire  distance,  except  that  along  the 
line  of  the  break  it  was  carried  to  a  level  with  the  bottom  of  the 
foundations.  The  remainder  of  the  old  bank  is  regarded  as  having 
been  packed  enough  by  seven  or  eight  years'  exposure  and  water.  Ko 
puddle  was  used  where  the  dam  is  highest  for  the  reason  that  there 
the  foundations  are  too  far  below  the  surface  of  the  water  to  ever  be 
affected  by  wave  action.  Along  the  sides  there  is  much  more  danger. 
The  puddle  walls  were  carried  1  to  2  feet  into  the  natural  ground  at 
each  end.  The  top  of  the  earth  embankment  in  the  middle,  at  the  west 
end  of  the  spillway,  was  made  35  feet  below  the  crest  of  the  dam,  and 
it  runs  in  a  straight  line  from  there  to  the  high  ground  near  each  end. 
A  riprap  of  heavy  stone  covers  the  entire  embankment  to  protect  it 
from  the  waves. 

The  cost  of  a  dam  of  this  character  is  much  below  that  of  a  solid 
masonry  one,  and  there  is  very  much  less  danger  to  the  country  below, 
in  case  of  a  complete  failure,  as  the  structure  would  remain  in  place  as 
a  loose  rock  pile  in  any  event. ^ 

CANAL  SYSTEM. 

The  water  after  passing  through  the  dam  and  returning  to  the  creek 
passes  on  down  the  canyon.     The  distance  to  the  mouth  is  over  IJ 

'A  full  description  of  this  dam,  prepared  by  Mr.  A.M.Welles,  with  illustrations,  is  given  in  the 
Engineering  Kecord,  Dec.  24,  1898. 
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miles  and  the  fall  nearly  300  feet.  Here  the  water  is  diverted  into  the 
Arapahoe  Oanal.  The  head  gate  consists  of  three  gates  3f  feet  wide 
by  3 J  feet  high,  of  oak,  with  slides  made  of  angle  irons.  The  canal 
was  designed  to  be  12  feet  wide  in  the  bottom,  but  it  is  now  in  many 
places  much  narrower.  The  depth  of  water  is  4  feet.  The  fall  for  24f 
miles  is  2,64:  feet  i^er  mile,  then  it  is  5.28  feet.  The  main  canal  is  38  to 
40  miles  long,  and  there  are  30  to  35  miles  of  laterals.  The  canal  was 
intended  to  carry  150  cubic  feet  of  water  per  second.  A  bank  on  the 
lower  side  only  is  needed.  There  are  but  few  places  where  the  canal  is 
in  embankment,  by  far  the  greater  part  of  it  being  through  cut,  I^o 
solid  rock  is  encountered.  For  crossing  the  drainage  streams  along  the 
route  there  are  six  pipes  lines  in  the  form  of  inverted  siphons,  while  a 
number  of  flumes  are  used  for  the  smaller  openings. 

A  system  of  lower  reservoirs  to  afford  additional  capacity  is  designed, 
being  located  on  the  plains  country  and  adjacent  to  the  land  to  be  irri- 
gated. One  of  these,  the  Clark  reservoir,  with  a  capacity  of  30,000,000 
cubic  feet,  was  built  soon  after  the  canal. 

The  land  to  be  irrigated  begins  about  20  miles  south  by  southeast  of 
Denver,  and  approaches  to  within  7J  miles  of  the  center  of  the  city. 
The  company  owns  about  14,000  acres  of  fruit  lands,  and  has  a  farm  of 
its  own  called  the  "Colony,''  on  which  it  has  30,000  to  40,000  fruit  trees. 


BEAR   CREEK. 


Morrison  station,  on  Bear  Creek,  was  changed  to  a  point  about  a 
quarter  of  a  mile  above,  on  account  of  the  Denver  Union  Water  Com- 
pany taking  water  from  the  stream  at  this  second  point.  No  regular 
station  was  established,  but  the  discharge  for  the  year  was  furnished 
by  the  Denver  Union  Water  Company : 

Estimated  monthly  discharge  of  Bear  Creek,  Morrison,  Colorado. 

[Drainage  area,  170  square  miles.] 


Montli. 


1898 

May 

June 

July 

August 

September  . 

Octol)er 

Novenilier  . . 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

143 

60 

109 

182 

117 

143 

208 

91 

150 

117 

47 

68 

78 

31 

45 

31 

26 

29 

29 

20 

23 

Total  in  acre- 
feet. 


6,702 

8,  509 

9,  223 
4,046 
2,678 
1,783 
1,369 


Eun-off. 


Depth  in 
inches. 


0.74 
0.93 
1.01 
0.45 
0.30 
0.20 
0.16 


Second- 
feet  per 
square 
mile. 


0.64 
0.84 

0.88 
0.40 
0.27 
0.17 
0.14 


l^OTE. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  81,  and 
measurements,  page  86;  results  ibr  1897  in  AVater-Supply  and  Irrigation  "aper  No.  1.5,  page  91,  and  in 
the  Nineteenth  Annual  Keport,  Part  IV,  page  317. 
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!FlG.  101. — Discharge  of  Bear  Creek  at  Morrison,  Colorado,  1898. 

ST.    VRAIN   CREEK. 

Estimated  monthly  discharge  of  St.  Vrain  Creek  at  Lyons,  Colorado. 

[Drainage  area,  209  square  miles.] 


Month. 


1898. 

IVIay 

June 

July 

August. ... 
September 
October  ... 
November . 


Discharge  in  second-feet. 


Maxi- 
mum. 


333 
551 
372 
153 
128 
22 
22 


Mini- 
mum. 


Mean. 


31 

211 

256 

431 

64 

229 

40 

104 

11 

61 

11 

15 

6 

12 

Total  ill  acre- 
feet. 


13,  974 
25,  645 

14,  081 
6,395 
3,630 

922 
714 


Run-oft'. 


Depth  in 
inches. 


1.16 
2.30 
1.27 

0.58 
0.32 
0.08 
0.07 


Second- 
feet  per 
square 
mile. 


1.01 
2.06 
1.10 
0.50 
0.29 
0.07 
0.06 


Note.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  83;  meas- 
urements, page  86;  rating  tahle,  page  89;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No. 
15,  page  93,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  pages  320  to  321. 
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Fig.  102.— Discharge  of  tbe  St.  Vrain  Eiver  at  Lyons,  Colorado,  1898. 

BOULDER   CREEK. 
Estimated  monthly  discharge  of  Boulder  Creek  at  Boulder,  Colorado. 

[Drainage  area,  102  square  miles.] 


Month. 


1898 

May 

June 

July 

August. ... 
September 
October  ... 
November . 


Discharge  in  second-feet. 


Maxi- 
mum. 


399 
566 
350 
184 
98 
20 
138 


Mini- 
mum. 


Mean. 


75 

316 

75 

29 

5 

3 

3 


233 

447 

213 

62 

30 

8 

40 


Kun-off. 


Total  in  acre- 
feet. 


Depth  in 
inches. 


14,  327 

26,  598 

13,  097 

3,812 

1,785 

482 

2,380 


2.63 
4.89 
2.41 
0.70 
0.32 
0.09 
0.44 


Second- 
feet  per 
square 
mile. 


2.28 
4.38 
2.09 
0.61 
0.29 
0.08 
0.39 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  82;  meas- 
urements, page  86 ;  rating  table,  page  89 ;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper  No. 
15,  page  92,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  319  to  320.  The  drainage  area, 
according  to  the  report  of  the  State  engineer  of  Coloi'ado,  is  179  square  miles. 


NEWELL.] 


BOULDER  CREEK,  SOUTH  BOULDER  CREEK. 


287 


Sec.-ft. 

1,300 


Fig.  103.— Discharge  of  Boulder  Creek  at  Boulder,  Colorado,  1898. 

SOUTH  BOULDER  CREEK. 

Katimated  monthly  discharge  of  South  Boulder  Greek  at  Marshall,  Colorado. 

[Drainage  area,  125  square  miles.] 


Month. 


1898. 

May 

June 

July...... 

August. ... 
September 

October 

Is'ovember  . 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

276 

36 

194 

11,  929 

1.79 

1.55 

364 

226 

285 

16,  959 

2.54 

2.28 

238 

64 

137 

8,424 

L27 

1.10 

78 

18 

42 

2,582 

0.39 

0.34 

52 

12 

22 

1,309 

0.20 

0.18 

31 

9 

20 

1,230 

0.18 

0.16 

26 

9 

18 

1,071 

0.16 

0.14 

JSTOTE.— Gage  heights  for  1898  are  given  in  Water-Supply  aud  Irrigation  Paper  No.  27,  page  82 ;  meas- 
urements, page  86;  rating  table,  page  89  ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  ISTo. 
15,  page  91,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  318. 
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Fig.  104.— Discharge  of  South  Boulder  Creek  at  Marshall,  Colorado,  1898. 

BIG   THOMPSON   CREEK. 

Estimated  montlily  discharge  of  Big  Thompson  Creek  at  Arkins,  Colorado. 

[Drainage  area,  305  square  miles.] 


Month. 

Dischai 

L"ge  in  second- feet. 

Total  in  acre- 
feet. 

Ru 

Q-Off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second - 

feet  per 

square 

mile. 

1898. 
Mav 

341 

605 

517 

173 

97 

24 

24 

13 
85 
85 
45 

8 
•     2 

2 

164 
377 

237 
79 
32 
12 

7 

10,  084 
22,  432 
14,  573 

4,858 

2, 142 

738 

417 

0.62 
1.38 
0.90 
0.29 
0.11 
0.04 
0.02 

0.54 
1.24 
0.78 
0.26 
0.10 
0.04 
0.02 

June 

July          

Aucrust 

September 

October 

November 

Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  83 ;  meas- 
urements, page  86;  rating  table,  page  89;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No. 
15,  page  94,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  321-322. 
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Fig.  105.— Discharge  of  Big  Thompson  Creek  at  Arkins,  Colorado. 

SEEPAGE  MEASUREMENTS. 

In  addition  to  the  measurements  made  on  Big  Thompson  Greek,  as 
noted  on  page  322  of  the  Nineteenth  Annual  Eeport,  Part  TV,  inves- 
tigations of  seepage  or  return  waters  were  carried  on  by  Prof.  L.  G. 
Carpenter,  of  the  Agricultural  College  at  Fort  Collins,  Colorado,  on 
November  5  to  8,  1897,  and  on  November  2  to  4,  1898.  As  stated  by 
Professor  Carpenter  in  the  report  of  the  Experiment  Station  for  1898, 
page  192,  it  is  to  be  noted  that  increase  of  return  water  in  1898  is  less 
than  in  1897,  presumably  because  of  the  smaller  water  supply  of  1898. 

Results  of  seepage  measurernents. 


AUG. 
10  20 


SEPT. 
10  20 


OCT. 
10  20 


NOV. 
10  20 


DEC. 
10  20 


• 

1897. 

1808. 

BIG   THOMPSON   CREEK. 

Handy  to  the  Home  Supply  ditch 

Sec. -feet. 

0. 
15.78 

4.62 
12.38 

4.52 
12.42 
14.36 

Sec-feet. 

0. 

8.13 

3.52 

13.31 
6.62 
9.59 

11.59 

Home  Supply  to  the  Barnes  ditch = 

Barnes  to  the  Loveland  &  Greeley  canal 

Lovelaud  &,  Greeley  to  the  Big  Thompson  ditch   

Big  Thompson  to  the  Hill  &  Brush  ditch 

Hill  &  Brush  to  the  Big  Thompson  and  Platte  canal  .. 
Big  Thompson  and  Platte  to  the  Evanstown  ditch 

Total 

64.08 

52.74 

LITTLE    THOMPSON    CREEK. 

From  Eagle  ditch  to  Dry  Creek 

1.35 
2.77 
2.43 

4.08 

3.16 

1.52 
L32 
2.89 

^Dry  Creek  to  Rockwell 

Rockwell  to  Miner  ditch 

Miner  ditch  to  mouth 

Total  for  Little  Thompson 

10.63 

8.89 

Total  for  both  Big  and  Little  'thompson 

74.71 

61.63 

• 
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CACHE    LA    POUDRE    RIVJ:R. 

Measurements  of  Oaclie  la  Poudre  River  have  been  continued  by 
Prof.  L.  G.  Carpenter,  of  Fort  Collins,  Colorado.  The  station  is  de- 
scribed on  page  30  of  Bulletin  No.  131,  and  also  on  page  112  of  Bulletin 
lN"o.  140.  The  results  for  the  years  1889  to  1894  are  discussed  in  Water- 
Supply  and  Irrigation  Paper  No.  9,  on  pages  16-27,  and  the  fluctuations 
are  illustrated  by  diagrams.  Professor  Carpenter  has  published  general 
statements  concerning  the  stream,  from  which  the  following  extracts 
are  made : 

Cache  la  Poudre  River  is  typical  of  tbe  irrigatiou  streams  of  the  eastern  slope  of 
the  Rocky  Mountains,  and  its  record,  which  has  been  maintained  longer  and  more 
continuously  than  any  other  in  Colorado  or  the  West,  applies,  in  its  general  features, 
to  the  other  streams  of  the  eastern  slope,  and  therefore  its  record  is  of  more  local 
importance. 

The  conditions  which  cause  years  of  high  or  low,  early  or  late,  water  are  usually 
widespread,  and  give  common  features  to  the  streams  of  a  large  area.  So  much  are 
the  conditions  of  snow  fall  and  of  melting  alike,  that  the  highest  water  of  the  year 
is  often  on  the  same  day  for  a  couple  of  hundred  miles  along  the  range. 

The  year  1898  has  been  exceptionally  low  in  its  water  supply.  The  small  amount 
of  snow  fall  in  the  mountains  during  the  preceding  winter  gave  indication  of  this, 
and  the  little  which  fell  early  in  the  season  gave  reason  to  expect  that  the  late  water 
would  be  unusually  low,  unless  maintained  by  storms.  Although  the  rains  of  May 
were  abundant,  the  dry  ground  absorbed  a  large  proportion  of  the  rainfall,  and  a 
relatively  small  amount  reached  the  river.  Fortunately,  storms  helj)ed  to  some 
extent  on  this  stream,  but  not  so  much  as  on  the  Arkansas;  nevertheless  the  year 
has  been  abnormally  low. 

Since  the  early  settlement  the  areas  of  forest  have  become  much  less  from  fires  and 
denudation  for  mining  and  railroad  purposes.  The  amount  used  for  domestic  pur- 
poses is  of  small  importance,  except  as  careless  and  irresponsible  cutting  gives  con- 
ditions favoring  the  spread  of  the  devastating  forest  fires.  From  the  standpoint  of 
the  water  supply  on  which  agriculture  depends,  the  protection  of  the  forests  becomes 
of  vital  importance.  The  protecting  influence  of  the  forests  on  the  snow  cover  is  of 
the  greatest  importance.  The  letting  in  of  the  sun  and  wind  melts  and  evaporates 
the  snow  without  sensible  formation  of  water,  dries  the  springs,  and  lessens  the 
amount  of  water  available  for  use.  It  is  safe  to  say  that  with  the  former  forest  cover, 
even  with  the  small  snow  fall  and  little  rainfall,  the  low  stage  of  the  river  would 
not  have  fallen  to  34  second-feet,  as  it  did  this  year,  but  would  have  been  several 
times  more,  for  the  innumerable  small  springs  would  have  continued  their  supply. 
If  the  forest  cover  continues  to  be  removed,  autumns  of  low  water  like  the  present 
will  cease  to  be  exceptional,  but  become  the  rule,  the  river  will  be  lower  than  it  has 
been  this  year,  and  may  become  as  dry  as  some  of  the  tributaries. 

During  the  year  1898,  starting  with  an  average  of  184  second-feet  for  the  week 
ending  April  26,  the  river  rapidly  rose  after  the  middle  of  May.  The  highest  of  the 
year  was  the  week  of  June  21,  which  averaged  1,543  feet.  Then  the  river  rapidly 
dropped  the  next  week  to  1,200  feet,  and  the  week  following  to  744  feet.  By  August  1, 
there  were  only  220  feet.  Early  in  September  there  were  only  100  feet,  and  by  Octo- 
ber 1  it  had  reached  the  unprecedented  low  stage  of  34  second-feet.  After  a  couple 
of  weeks  the  early  snows  in  the  mountains  bad  the  effect  of  raising  the  river. 

In  comparing  with  previous  years,  it  is  instructive  to  note  the  high  water  and  the 
average  for  the  whole  season.  Taking  the  record  by  years,  the  closing  dates  of  the 
weeks  of  high  water  and  the  average  for  the  week  have  been  given  as  below.  The 
periods  of  high  water  are  the  resultant  of  the  amount  of  snow,  the  effect  of  warm 
weather,  and  of  rains.     No  attempt  to  discriminate  is  made. 
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Average  flow  of  Cache  la  Poudre  Blver  for  the  period  of  twenty-seven  weeks,  from  April  26 
to  November  1;  also  of  single  week  of  greatest  floiv,  1884  to  1898. 


Year. 


1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 


Avei  age. 


Sec. feet. 

1,761 

1,196 

747 

720 

400 

482 

567 

671 

a  753 

&815 

804 

914 

520 

793 

451 


Maximum. 


Sec.  feet. 

5,071 
3,330 
2,439 
2,400 

1;240. 

1,545 
1,592 
2,692 
2,057 
2,445 
3,196 
2,914 
1,736 
2,220 
1,543 


Week 
ending- 


June  14 
June  7 
May  31 
June  7 
June  14 
June  7 
May  31 
June  14 
June  28 
June  14 
June  7 
June  14 
May  31 
June  14 
June  21 


a  May  17  to  September  6  only.  &  May  10  to  September  6  only. 

The  aA^erage  for  the  twenty-seven  weeks  of  1898,  from  April  26  to  November  1,  has 
been  451  cubic  feet  per  second,  an  amount  less  than  for  any  other  year  of  which  we 


Discharge  in  second-feet. 
1.  OOn  2,  000  3,  000 


4,000 


5,000 


0  1,000  2,000  3,000  4,000  5,000 

Fig.  106. — Average  discharge  of  Cache  la  Poudre  Kiver,  1884  to  1898. 
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have  record  except  1888,  when  the  average  fell  to  400  cubic  feet  per  second.  In  1898 
the  river  fell  lower  than  in  1888  after  the  middle  of  July,  when  the  effect  of  the 
early  compact  snow  and  of  the  small  springs  would  influence  the  stream,  the  higher 
average  being  largely  due  to  the  higher  water  in  May  and  June. 

The  year  1898  has  thus  averaged  but  little  over  one-fourth  of  the  amount  received 
in  1884  for  the  corresponding  time,  and  if  deduction  be  made  of  the  water  received 
from  other  watersheds  it  would  be  less  than  one-fourth. 


Sec.-ft. 
4,000 


Fig.  107.— Discharge  of  Cache  la  Poudre  River,  1883-1890. 

The  river  water  of  1898  during  these  twenty-seven  weeks,  if  applied  to  the  whole  of 
the  irrigated  area  of  the  valley,  whfch  may  be  called  130,000  acres,  would  cover  it  to  a 
depth  of  about  16  inches.  The  rainfall  during  the  same  time  has  been  about  8  inches, 
or  the  total  moisture  has  amounted  to  about  24  inches,  which  would  be  increased 
by  the  amount  stored  in  the  various  reservoirs  during  the  winter  and  spring. 


U.    S.    GEOLOGICAL  SURVEY 


TWENTIETH  ANNUAL  REPORT       PART  IV       PL.    XXVII 
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A     SKY-LINE   DITCH  — DIVERTING   WATER    FROM    LARAMIE   RIVER  TO   CACHE   LA   POUDRE   RIVER. 


Ji    CACHE   LA    POUDRE   RIVER,    1    MILE   NORTH   OF   GREELEY,   COLORADO. 
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On  PI.  XXYII,  A,  is  a  view  of  the  ditch  taking  water  from  Laramie 
Eiver  into  the  catchment  basin  of  Cache  la  Poudre  River.  It  is  described 
in  Water-Supply  and  Irrigation  Paper  No.  9,  on  i)age  42.  It  is  commonly 
known  as  the  Sky  Line  ditch,  is  stated  to  be  5  miles  long,  with  a  capac- 


Sec.-ft. 

3,000 


2,000 


1,  000 


Fig.  108.— Discliarge  of  Cache  la  Poudre  River,  1891-1894. 

ity  of  about  100  second-feet.  On  the  same  plate,  B^  is  a  view  of  Cache 
la  Poudre  River  about  1  mile  north  of  Greeley,  showing  the  general 
character  of  the  stream  below  the  point  at  which  the  greater  part  of 
the  water  is  diverted. 

Estimated  monthly  discharge  of  South  Platte  River  at  Orchard,  Colorado. 

[Drainage  area,  12,260  square  miles.] 


Month. 


1898. 

Januarv 

February  .. 

Marcli 

April 

Msbj 

June 

July 

August 

September  . 

October 

November  . . 
December  . . 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

'  1,392 

523 

1,068 

1,147 

475 

811 

i       715 

523 

576 

619 

10 

363 

1  3,214 

•       10 

1,946 

2,090 

0 

776 

781 

40 

173 

40 

40 

40 

113 

40 

69 

408 

113 

215 

3,026 

288 

808 

3,.026 

2,090 

2,651 

3,  214 

0 

791 

Total  in  acre- 
feet. 


Run-off. 


Depth  in 
inches. 


65,  669 
45,  041 
35,  417 
21,  600 

119,  656 
46, 175 
10,  637 
2,460 
4,106 
13,  220 
48,  079 

163,  005 


575,  065 


0.10 

0.07 

0.07 

0.03 

0.18 

0.08 

0.01 

0.003 

0.01 

0.02 

0.08 

0.25 


0.90 


Second- 
feet  per 
square 
mile. 


0.09 

0.07 

0.06 

0.03 

0.16 

0.07 

0.01 

0.003 

0.01 

0.02 

0.07 

0.22 


0.07 


!NoTE. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  84; 
measurements,  page  86;  rating  table,  page  89;  the  results  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  15,  page  89,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  315  to  316. 
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Sec.-ft. 
6,500 


Fig.  109.— Discharge  of  South  Platte  Kiver  at  Orchard,  Colorado,  1898, 

LOUP   RIVER. 

E%timated  monthly  discharge  of  Loup  River  at  ColumbHs,  Nebraska. 

[Drainage  area,  13,542  square  miles.] 


Month. 


1898. 

April 

May 

June 

July 

August 

September 

October 

November  1-12 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


3,520 

5,100 
6,675 
2,530 
4,725 
2,950 
2,900 
2,900 


2,130 
2,425 
2,000 
1,620 
1,650 
1,460 
2,025 
2,450 


Mean. 


2,794 
3,509 
4,022 
1,946 
2,655 
2,003 
2,477 
2,668 


Total  in  acre- 
feet. 


166,  254 
215,  761 
239,  325 
119,  656 
163,  251 
119, 187 
152,  306 
158,  757 


Run-off. 


Depth  in 
inches. 


0.23 
0.30 
0.33 
0.16 
0.23 
0.17 
0.21 
0.22 


Second- 
feet  per 
square 
mile. 


0.21 
0.26 
0.30 
0.14 
0.20 
0.15 
0.18 
0.20 


l^'OTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  85 ;  meas- 
urements, page  87;  results  for  1897  in  Water-Supply  and  Irrigation  Paper,  No.  15,  page  97,  and  in  the 
Nineteenth  Annual  Report,  Part  IV,  pages  323-333. 
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Sec.-ft. 
13, 000 

12,  000 

11, 000 

10, 000 

9,000 

8,000 

7,000 

6,000 

5,000 

4,000 

3,000 

2,000 

1,000 

0 


JAN. 
10  20 

FEB. 
10  20 
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10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 

10  20 

NOV. 
10  20 

DEC.    I 
10  20  1 

1 

—^ 

1 

1 
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1 

1 

L 

1 

k 

u 
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1 

r'H.'      \ 
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1      1      1     i     1  " 
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,     ■ 

NR. 

Fig.  110. — Discharge  of  Loup  River  at  Columbus,  Nebraska,  1898. 

PLATTE  RIVER  AT   COLUMBUS,  NEBRASKA. 

Estimated  montlili/  discltarge  of  Platte  River  at  Columhus,  Nehraska. 

[Drainage  area,  56,867  square  miles.] 


Month. 


1898. 
April  17-30 

May 

June 

July  1-20.. 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,700 
10,  700 

24,  600 
6,100 


Mini- 
mum. 


500 

1,  500 

5,100 

500 


Mean . 


1,477 

5,851 

11,  278 

3,029 


Total  in  acre- 
feet. 

87,  887 
359,  766 
671,  086 
186,  247 

Run-ofF. 


Dejjth  in 
inches. 


0.03 
0.12 
0.22 
0.06 


Second- 
feet  per 
square 
mile. 


0.03 
0.10 
0.20 
0.05 


Note. — Gage  heights  for  1898  are  given  in  "Water- Supply  and  Irrigation  Paper  No.  27,  page  85; 
measurements,  page  87;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper  No.  15,  page  98,  and 
in  the  Nineteenth  Annual  Report,  Part  IV,  pages  333-334. 
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Sec..ft. 

24,  000 
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Fig.  111. — Discharge  of  Platte  River  at  Columbus,  Nebraska,  1898. 


A  view  of  Platte  River  above  Columbus,  near  the  town  of  Oozad,  is 
shown  on  PL  XXVIII,  J..  This  is  a  view  of  the  head  gates  of  the 
Farmers  and  Merchants'  Irrigation  Company's  canal  in  Dawson  County 
Nebraska.  This  diverts  water  from  the  north  side  of  the  river,  cover- 
ing lands  to  the  north  of  Lexington.  On  the  same  plate,  B^  is  shown 
the  .'N'orth  Platte  near  the  Nebraska- Wyoming  State  line. 

ELKHORN  RIVER. 

Estimated  monthly  discharge  of  Elkhorn  River  at  Norfolk,  Nebraska, 

[Drainage  area,  2,474  square  miles.] 


Month. 


1898. 

April 

May 

June 

July 

August 

September 

October 

November  1-19 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

500 

399 

464 

1,470 

405 

704 

475 
200 

al,000 
317 

435 

440 

210 

285 

235 

160 

195 

280 

185 

236 

335 

285 

303 

Run-off. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

27,  610 

0.21 

0.19 

43, 288 

0.33 

0.29 

59,  504 

0.45 

0.40 

19,  492 

0.15 

0.13 

17, 524 

0.14 

0.12 

11,  603 

0.09 

0.08 

14,  511 

0.12 

0.10 

18,  030 

0.13 

0.12 

a  Approximate. 
Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  85; 
measurements,  page  87 ;  results  for  1897  in  Wator-Supply  and  Irrigation  Paper  No.  15,  page  99,  and  in 
the  Nineteenth  Annual  lloport.  Part  IV,  pages  334-335. 
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A.    HEAD   GATES   OF   CANAL  OF    FARMERS   AND    MERCHANTS    IRRIGATION    COMPANY   ON    PLATTE 

RIVER    NEAR   COZAD,    NEBRASKA. 


JS.   LOOKING    DOWN    NORTH    PLATTE   RIVER   FROM    THE   NEBRASKA-WYOMING    LINE. 


NEWELL,] 


ELKHORN   RIVER. 


297 


JAN.         FEB 
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Tig.  112.— Discharge  of  Elkhorn  Kiver  at  Norfolk,  Nebraska,  1897-98. 


MISCELLANEOUS    MEASUREMENTS    IN    NEBRASKA. 

For  convenience  of  comj)arison  the  miscellaneous  measurements  made 
in  the  State  of  ISTebraska  have  been  brought  together  and  arranged  in 
alphabetical  order,  according  to  the  names  of  the  streams.  This  table 
was  prepared  originally  for  theStateengineer  of  Nebraska,  and  printed 
in  slightly  different  form  in  the  second  biennial  report  of  the  State 
engineer,  secretary  of  the  State  board  of  irrigation,  1897-98,  pages  175 
to  189. 
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Miscellaneous  measurements  in  Nebraska  made  at  points  other  than  regular  gaging  star 

lions  during  the  years  1894  to  1898,  inclusive. 


Name  of  stream. 


Arickaiee  Pork   of  Re- 
publican. 


Ash  Creek : 
East  a  . . 
West... 
West . . . 


Ash  Creek  c 

Antelope  Creek  c 

Buffalo  Creek 

Blue  Creek 


Birdwood  Creek 


Beaver  Creek. 


Blue  River 


Boardman  Creek 


Boggy  Creek 


Bone  Creek 


Burton  Creek 

Buck  Creek 

Bordeaux  Creek,  Big 

Calamus  River 

Cedar  River 


Cottonwood  Creek :  a 

Little , 

Big 

Clear  Creek 

Coon  Creek 

Coldwater  Creek 


Where  measui-ed. 


Haigler . 


J  mile  above  mouth 

N.  line  sec.  25,  T.  32,  R.  51 

Head  of  Mace  ditch 

Sec.  12,  T.  32,  R.  51 

Above  Spragg's  dam,  sec.  10,  T.  31,  R.  17 

Sec.  21,  T.  32,  R.  40 

Near  Moore's  ranch 


Sec.30,  T.  16,  R.42. 
Sec.33,  T.  17,  R.42. 


Southerland 

Beauchamji's  dam,  sec.  15,  T.  15,  R.  33 
Genoa 

Do 

Do , 

Do 

Albion 

Do 

Beatrice 

Do , 

Seward,  below  dam 

Milford,  below  mill 

Crete,  below  mill ". 

De  Witt,  below  mill 

2  miles  above  mouth 

Sec.  6,  T.  29,  R.  33 

Between  sees.  17  and  18,  T.  32,  R.  54. . . . 

Sec.  31,  T.  33,  R.  54 

At  Ainsworth 


Date. 


June  17 
July  16 

June  25 

do  . 

Aug.  18 
Sept.  21 
June  20 
June  2 
June  17 


Mar.  28 
Aug.  31 


Sept.  9 
May  7 
Sept.  7 
July  14 
Aug.  14 
June  21 
July  21 
Apr.  23 
Aug.  21 
July  4 
July  1 
do  . 


At  Long  Pine 

Atmouth,  T.35,  R.  19 
Sec.l4,  T.31,  R.41.... 

Sec.25,  T.  33,  R.48 

Burwell  

Fullerton 

Do 

Do 

Cedar  Rapids 

Ericson 

Do 

Do 


Sec.  7,  T.  32,  R.  51 

Six  miles  west  of  Whitney 

Sec.  29,  T.  16,  R.  41 

AboveWinterer'sditch,sec.34,  T.15,  R.7 
Sec.  26,  T.  18,  R.  46 


July     2 

do  . 

July  24 
May  20 
May     8 

do. 

June  12 
Sept.  8 
Sept.  17, 
Sept.  1 
Sept.  22 
July  10 
Sept.  15 
July  11 
June  21 
July  21 
Mar.  16 
June  1 
Aug.  — 

June  25 

do  . 

Nov,  23 
May  19 
May  25 


1896 


1896 


1896 


1897 
1898 
1898 
1898 
1896 


1897 
1898 


1896 
1898 
1894 
1896 
1896 
1898 
1896 
1898 
1897 
1898 
1898 


1898 


1897 
1898 
1897 


1898 
1898 
1898 
1898 
1898 
1896 
1894 
1896 
1898 
1896 
1895 
1895 
1895 

1896 


1896 
1898 
1898 


Discharge. 


Second-feet. 
6.1 

3.6 

1.1 

1.7 

0.9 

fcO.5 

2.2 

3.1 

7.9 

105.0 

115.0 

80.6 

126.0 

133.0 

123.3 

71.0 

110.0 

112.2 

149.7 

47.4 

88.6 

203.0 

285.0 

42.7 

53.4 

126.6 

202.0 

61.0 

6  40.0 

0.1 

0.3 

3.9 

13.8 

5.  5 

6  4.0 

L9 

368.0 

210.6 

338.0 

277.0 

212.0 

152.0 

214.0 

112.1 

0.1 
0.2 
12.8 
0.8 
2.9 


a  Tributary  of  White  River. 


h  Discharge  estimated. 


c  Tributary  of  iSiiobrara  River. 
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Miscellaneous  measurements  in  Nebraska  made  at  points  other  than  regular  gaging  sta- 
tions during  the  years  1894  to  1898,  inclusive — Continued. 


Name  of  stream. 


Crooked  Creek 

Chadron  Creek  . . . 

Dismal  Kiver 

Deer  Creek 

Dead  Horse  Creek 

Elkhorn  River 


Elkhorn  River,  North 
Fork. 


Where  measured. 


Elkhorn   River,    South 
Fork. 

Frenchman  River , 


Gordon  Creek  . 
Horse  Creek  . . . 

Hat  Creek,  east 
Hat  Creek 


At  head  of  Mutz  ditch,  SW.  J  sec.  20, 
T.34,  R.  19. 

Above  Chadron  waterworks 

Below  Chadron  waterworks 

Sec.  36,  T.  33,  R.  19 

Dunning 

Do 

Do 

Do 

Sec.  22,  T.  30,  R.  43 

Sec.  31,  T.  33,  R.  50 

Sec.  7,  T.  32,  R.  49 

Atkinson  .   

Do 


Arlington 


Do... 

Do... 
"Waterloo 

Do... 
O'Neill... 

Do... 

Do... 
Ewing... 

Do... 
Norfolk . . 


Do. 
Do 
Do. 
Do. 
Do. 
Ewing. 


Date. 


Sec.  33,  T.  4,  R.  32 

Culbertson 

Do 

Do.  

"Wauneta 

Palisade 

Do 

Do  b 

Sec.  15.  T.  32,  R.  29 

Burlington   and    Missouri    River    Ry. 
crossing. 

At  State  line  above  Gering 

Sec.  23,  T.  32,  R.  55 

Above  mouth,  sec.  14,  T.  33,  R.  55 

Do 

Just  below  confluence,  sec.  14,  T.  33,  R.  55 

Head  of  Brewster  or  Steele  ditch,  sec. 
16,  T.  32,  R.  55. 

Sec.  23,  T.  33,  R.  55 


June  18, 1898 

Sept.  14, 1897 

do 

Sept.  23, 1898 

Aug.  23, 1895 

Aug.  22, 1894 

Apr.  28,  1898 

Nov.     1, 1898 

June    1, 1898 

Sept.  21. 1898 

Sept.  23, 1898 

Oct.      2, 1896 

May  24,1898 

Late     Aug., 
1894. 

May  26,1898 

Dec.    15,1898 

Aug.  15, 1896 

July  17,1896 

June  23, 1897 

June  10, 1898 

Aug.  17, 1898 

Sept.    3,1897 

Aug.  18, 1898 

July  16,1896 

Mar.  24,1897 
May  6, 1897 
May  24,1897 
July  30,  1897 
June  20, 1898 
Sept.    3,1897 

June  19, 1896 

do 

Nov.  25,1892 
Mar.  22,1895 
Apr.  14,1897 
July  2, 1897 
July  19,1897 
July  7, 1898 
July  23,1897 
June  16, 1896 

Oct.  15,1897 
July  10,1897 

do 

do 

do 

July  16,1897 

Sept.  30, 1898 


Discharge. 


Second-feet. 

0.7 

1.6 

1.0 

a  1.3 

29.4 

435.0 

368.7 

351.0 

a  12.0 

a  0.3 

a  0.6 

11.1 

110.5 

214.0 

1,  808.  0 
422.  0 
280.0 
495.0 

20.6 
288.0 

31.3 
9.8 

53.5 

70.0 

701.0 

166.0 

77.0 

69.8 

162.0 

18.2 

26.3 

13.4 

177.0 

120.0 

127.9 

63.2 

73.3 

92.0 

3.5 

0.2 

10.5 
0.3 
1.0 
0.5 
1.6 
0.7 

1.4 


a  Discharge  estimated. 


&  Above  head  of  Culbertson  ditch. 
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Miscellaneous  measurements  in  Nebraska  made  at  points  other  than  regular  gaging  sta- 
tions  during  the  years  1894  to  1898,  inclusive — Continued. 


Name  of  stream. 


Harney  Creek 

ludian  Creek 

Jim  Creek 

Keya  Paha  River  . . 

Loup  River 

Loup  River,  north  . 

Loup  River,  middle 


Loup  River,  south 


Looking  Glass  Creek 

Lodgeople  Creek 

Lonergan  Creek 

Long  Pine  Creek 

Minichaduza  River . . 


Monroe  Creek 


"Where  measured. 


Sec.  31,  T.  33,  R.  23 
Near  mouth 


Above    Woodruffs  dam,  SE.  J,  sec,  14, 
T.  33, R.  57. 

Above  mouth  of  Burton  Creek,  T.  35, 
R.  19. 

FuUerton 

Do 

Sec.  13,  T.  7,  R.  2 

Moulton 

Burwell 

Below  mouth  Wanaduza  Creek 

Forks  8|  miles  above  Mullen 

M  ullen 

Seneca 

Do , 

Do-, 

Do 

Thedford 

Dunning 

Do 

Do 

Do 

Gates,  Custer  County 

Loup  City 

Boelus 

Callaway 

Do 

Arnold 

Georgetown 

Ravenna 

Do 

St.  Michaels 

Near  mouth 

Kimball  

Sec,  17,  T.  15,  R.  39 

Long  Pine 

Do 

Fort  Niobrara 

Valentine 

Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


At  head  of  Schilt  ditch,  SW.  4  sec.  27, 
T.  33,  R.  56. 


Date, 


June  11 
June  25 
July  22 

June  17 

Sept.  16, 
July  11 
Aug,  19 
Nov,  2 
July  9 
July  24 
Aug,  20 
do  . 


Aug,  21 
Aug,  30 
Apr.  28 
....do  . 
Apr,  22 
Apr,  23 
Apr.  28 
Nov,  1 
Aug.  30 
A-i\g.  25 
Aug.  29 
May  28 
Aug.  28 
Aug.  3 
Aug.  4 
Sept,  10 
Aug,  31 
Aug.  29 
May  28 
July  — 
May  26 
May  22 
June  20 
Aug.  21 
Oct.  4 
J  une  24 
May  14 
May  18 
May  24 
June  6 
June  12 
July  27 
Aug.  21 
Sept.  7 
Sept.  27 
Oct.  15 
Oct.  29 
July  20 


1898 
1896 
1897 

1898 

1894 
1896 
1894 
1894 
1896 
1897 
1895 


1895 
1896 
1898 


1895 
1895 
1898 
1898 
1896 
1894 
1895 
1897 
1895 
1898 
1898 
1896 
1895 
1896 
1898 
1896 
1896 
1898 
1898 
1898 
1896 
1897 
1898 
1898 
1898 
1898 
1898 
1898 
1898 
1898 
1898 
1898 
1898 
1897 


Discharge, 


Second-feet. 
23.5 
0.1 
0.2 

62.0 

1,  704.  0 

2,900,0 

1,  335.  0 

460.0 

625,0 

129.8 

41.8 

120,0 

216.2 

212.3 

221.6 

198.0 

284,3 

321.5 

410.0 

433.0 

323.0 

850,0 

878.6 

837,0 

48.0 

82.9 

31.5 

68.0 

296.0 

142.0 

220.0 

15.0 

4.5 

6.1 

50.4 

44  3 

45.2 

21.2  ' 

23,2 

105,8 

89.5 

33.9 

52.5 

15,3 

18.2 

18.8 

22.1 

22,5 

27.0 

0,2 
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Miscellaneous  measurements  in  Nebraska  made  at  points  other  than  regular  gaffing  sta- 
tions during  the  years  1894  to  1898,  inclusive — Continued. 


Name  of  stream. 


Monroe  Creek  . 

Mathews  Creek 
Kiobrara  River 


Platte  River,  North. 


Where  measured. 


At  head  of  AVilcox  ditch,  NE.  J  sec. 
33,  T.  33,  R.  56. 

Sec.  14,  T.  33,  R.  56 

Sec.  28,  T.  15,  R.  37 

Dawes  County 

Marsland,  Dawes  County 

Do 

Valentine 

Niobrara  City 

Lavaca  post-office 

Do 


Date. 


Lavaca  bridge , 
Do 

At  State  line  . . 


Above  Warneke's  dam,  sec.  27,  T.  39, 
R.  57. 

Above  Wm.  Bonnett's  dam,  sec.  33,  T. 
30,  R.  56. 

Above  Earnest's  dam,  sec.  9,  T.  29,  R.  56. 

At  Earnest's  house,  sec.  23,  T.  29,  R.  56  . 

At  McGinley's  ranch,  sec.  31,  T.  29,  R.  56. 

At  Octave  Harris's  house,  T.  28,  R.  54  . . . 

Near  Bell  post-office,  sec.  8,  T.  28,  R.  53. . . 

AtB.  F.  Moore's  ranch,  sec.  11,  T.  28, 
R.  53. 

At  McLaughlin's  ranch,  sec.  10,  T.  28, 
R.52. 

Head  of  proposed  Golden  ditch,  sec.  13, 
T.  31,  R.  41. 

1^  miles  below  head  of  proposed  Golden 
canal. 

Dunlap 

Sec.  22,  T.  29,  R.  48 

Bridge  north  of  Ainsworth 

Port  Niobrara 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Douglas,  "Wyoming 

Fairbanks,  Wyoming 

Douglas,  Wyoming 

Do...^ 

North  Platte,  Nebraska 

Do 

Do 

Camp  Clarke,  Nebraska 

Do 


July  21,1897 

Sept.  30, 1898 
May  19,  1898 
May  4, 1887 
June  23, 1896 
Oct.  31,  1898 
Oct.  4, 1896 
June  22, 1897 
June  2.5, 1897 
Apr.  26,1898 
June  2, 1898 
Oct.  30,1898 
Oct.  20,1897 
do 


Oct.    21,1897 

do 

do 

Oct.  22,1897 
Oct.  23,1897 
do 

Oct.    25.1897 

do 


Discharge. 


Apr.  26.1897 
Apr.  27,1897 


May 

May 

June 

Apr. 

May 

May 

June 

July 

Sept. 

Sept. 

Oct. 

Oct. 

Nov. 

June 

Oct. 

Dec. 

Nov. 

Sept. 

Nov. 

Nov. 

May 

Oct. 


30, 1898 
31, 1898 
13, 1898 
24, 1898 
13, 1898 
24, 1898 
12, 1898 
27, 1898 

7, 1898 
26, 1898 
16, 1898 
29, 1898 
17, 1898 

3, 1891 

13. 1891 

4. 1891 

5. 1892 

14. 1892 
2, 1892 

22, 1892 

29, 1891 

8, 1892 


Second-feet. 
1.0 

a  0.3 

1.7 

98.0 

4.0 

23.2 

712.0 

759.0 

105.0 

209.9 

152.1 

203.4 

3.5 

5.1 

6.3 

7.3 

16.3 
9.2 
13.4 
11.9 
17.1 

16.8 

190.0 

195.0 

75.4 

55.5 

958.6 

987.0 

1,  588.  0 

1, 156.  0 

876.0 

690.0 

748.0 

840.0 

867.0 

960.0 

960.0 

10. 130.  0 

579.0 

807.0 

595.0 

770.0 

1,  070.  0 

1,370.0 

8,  075.  0 

335.0 


a  Above  head  of  Culberson  ditch. 
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Miscellaneous  measurements  in  Nebraska  made  at  'points  other  than  regular  gaging  sta- 
tions  during  the  years  1894  to  1898,  inclusive — Continued. 


Name  of  stream. 


Platte  River,  North. 


Platte  River . 


Rock  Creek. 


"Where  measured. 


Platte  River,  South 

Pawnee  Creek 

Plum  Creek 

Pine  Creek 

Pole  Creek 

Republican  River. . 


Camp  Clarke,  Nebraska 

Lewellen  Bridge 

Railroad  bridge,  North  Platte. 

Gering  Bridge 

Columbus 

Do 

Fremont 

Do 


Grand  Island 

Do 

Julesburg,  Colorado 
North  Platte 

Do.. 

Do 


Above  Plummer  ditch,  sec.  19,  T.  13,  R. 

27. 

Above  Holcomb's  ditch 

At  mouth,  sec.  13,  T.  22,  R.  32 

Long  Pine 

Long  Pine,  sec.  33,  T.  30,  R.  44 

Long  Pine,  sec.  28,  T.  32,  R.  40 

Haiglerrf 

Haigler  d 

Doe 

Do 

Do 

Do 

McCook 

Do 

2  miles  west  of  Ives 

7  miles  west  of  Benkelman 

Benkelman 

Do 

Culbertson/ 

Do 

Do 

Do 

Do 

Oxford 

Do 

Do 

Do 

Do 

Burlington  and  Missouri  Rwy.  crossing. 

Do 

Above  Moore  ditch,  sec.  12,  T.  32,  R.  22  . . 

Sec.  4,  T.  31,  R.  18 

Sec.  28,  T.  32,  R.  18 


Date. 


July  26,  1894 

Sept.    1,1898 

Sept.    2,1898 

Nov.    7, 1898 

Sept.  17. 1894 

Oct.     6,  1894 

Aug.  14, 1894 

Late     Aug., 
1894. 

Sept.    7,1898 

Sept.  15, 1898 

October 

Early  Nov . . . 

Late  Nov 

June  29, 1896 

Apr.  25,1898 


do 

June  13, 1898 
Oct.  3, 1896 
Oct.  1, 1898 
Oct.  2, 1898 
Oct.  17,1896 
Oct.  16,1896 
Oct.  17,1896 
July  16,1896 
Aug.  25, 1896 
Sept.  18, 1896 
Apr.  13,1897 
July  19,1897 
Aug.  25, 1896 
June  16, 1896 

do 

Aug.  25, 1896 
May  16,1896 
June  19, 1896 
Sept  10,1896 
Nov.  25,1892 
June  25, 1898 
June  3, 1895 
Sept.  12, 1895 
May  17,1896 
June  16, 1896 
June  24, 1898 
June  16, 1896 
Aug.  25, 1896 
June  14, 1898 
June  20, 1898 
do 


Discharge. 


Second-feet 

a  1,900.0 

65.0 

612.0 

593.4 

Dry. 

Dry.  c 

1,  420.  0 

1,  209.  0 

Dry. 

12.0 

653.0 

450.0 

645.  0 

0.0 

4.9 

4.7 

101.1 

47.1 

24.5 

c2.  0 

8.2 

6.1 

14.9 

9.8 

10.0 

24.5 

745.0 

0.0 

5.0 

87.5 

29.3 

5.0 

78.4 

6.5 

0.0 

209.0 

91.3 

16,  000.  0 

55.0 

254.5 

109.4 

385.0 

12.1 

12.2 

2.3 

2.1 

4.4 


a  Measurement  approximated  by  floats.  d  Above  mouth  of  Arickaree  Creek. 

6  Above  head  of  Culberson  ditch.  e  Below  mouth  of  Arickaree  Creek, 

c  Water  in  sand  standing  3  feet  below  bottom  of  river  bed.    /  Above  mouth  of  Frenchman  Creek. 
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Miscellaneous  measurements  in  Nebraska  made  at  points  other  than  regular  gaging  sta- 
tions during  the  years  1894  to  1898,  inclusive — Continued. 


l^ame  of  stream. 


Stinking  "Water  Creek. . . 


Shell  Creek . 


Soldier  Creek. 


Where  measured. 


Squaw  Creek 


Snake  River. 


Sowbelly  Creek 

Skunk  Creek 

Spring  Creek 

Union  Creek 

Victoria  Creek 

White  Clay  Creek 

"Warbonnet  Sp.  b 

Warbo nnet,   Middle 
Branch, 

"Warbonnet  Creek 

"White  Horse  Creek 

"White  Tail  Creek 

"West  Middle  Creek 

"Wood  River 

"White  River 


Palisade  a • 

T>ob 

Do 

Platte  Center 

Schuyler 

Fort  Robinson 

5  miles   above  Fort   Robinson,   sec.  5, 
T.  31,  R.  53. 

Fort  Robinson 

Sec.  1,  T.  31,  R.  52 

At  Patrick  Dunns 

4  miles  east  of  sec.  2,  T.  30,  R.  31 

Sec.  2,  T.  30,  R.  31 

Do 

4  miles  east  of  sec.  2,  T.  30,  R.  31 

At  mouth 

At  mouth  of  Boardman  Creek 


Date. 


Above  head   of   Shaefer  ditch,  NE.  J, 
sec.  7,  T.  32,  R.  55. 

Bodarc  post-offlce 

Bridge  south  of  Gilchrist 

Sec.  19,  T.  33,  R.  55 

Above  Miller's  dam,  sec.  12,  T.  14,  R.  37. . 

Above  Holloway's  ditch,  sec.  29,  T.  15, 
R.37. 

Above  William's  ditch,  sec.28,T.  16,  R.41 . 

Above  Barber  ditch,  sec.  29,  T.  16,  R.  41  .  - 

At  Mill,  Mills's  post-office,  T.  34,  R.  18  . 

Madison 

Sec.  1,  T.  19,R.21 

Sec.  1,  T.  31,  R.  52  : 

Sec.  2,  T.  31,  R.  52 

Athead  of  Biehle  ditch,  SW .  |,  sec.  32,  T. 
33,  R.  56. 

Athead  of  Gartou's  ditch,  SW.  J,  8ec.31, 
T.  33,  R.  56. 

Brewster's,  sec.  21,  T.  33,  R.  56 

Sec.  21 ,  T.  33,  R.  56 


Above  Lamplugh's  lakes,  sec.  5,  T.  14, 
R.30. 

Above  White  Tail  Canal,  sec.  22,  T.  15, 
R.  38. 

Above  Reed  ditch,  sec.  15,  T,  15,  R.  38  . . . 

Above  Holloway,  Phelps  canal,  sec.  36, 
T.  15,  R.  30. 

Above  Allen's  ditch,  sec.  29,  T.  33,  R.  23. . 

NE.  I  of  NW.  i,  sec.  29,  T.  33,  R.  23 

Glen  wood 

Sec.  23,  T.  31,  R.  53 

Crawford 

Whitney 

Do 

1  mile  below  mouth  Kyle  Creek 

Railroad  bridge  above  Glen 


June  19, 1896 
Sept.  17, 1896 
July  7, 1898 
July  21,1896 
July  24,1896 
June  24, 1896 
Aug.  14.1897 

Apr.  27,1898 
June  24, 1896 
July  22,1897 
Mar.  16,1897 
Mar.  22,1897 
Apr.  13,1897 

do 

July  23, 1897 
July  24,1897 
July  16,1897 

July  14,1897 
July  24,1897 
Sept.  30, 1898 
May  18,1898 
May  19,1898 

May  23,1898 
do 

June  16, 1898 
July  23,1896 
July  28,1896 
June  24, 1886 
Sept.  21, 1898 
July  21,1898 

do 

July  23,1897 
Sept.  29, 1898 
May     3, 1898 

May  20,1898 

do 

do 

June  11, 1898 

a     K    *     ■     a  1.1.  Vr        «■■■«•■ 

Aug.  8, 1898 
June  24, 1896 
Sept.  24, 1896 
Sept.  25, 1896 
Sept.  21,1898 
Aug.  11, 1897 
Aug.  13, 1897 


Discharge. 


Second-feet. 
12.2 
20.0 
23.6 
47.4 
26.3 
3.2 
2.3 

3.6 

0.6 
0.1 
222.0 
250  0 
225.0 
240.0 
280.0 
215.0 
1.4 

1.54 

.08 

cl.OO 

2.02 

1.11 

4.59 
6.73 
7.30 

38.3 
5.2 
4.0 

cO.8 
0.27 

0.26 

0.51 
1.23 
2.33 

24.67 

24.  62 
20.06 

1.84 
0.87 
5.82 
23.3 
30.7 
27.2 
c8.0 
6.6 
5.7 


a  Above  mill  at  Palisade. 


&  Below  mill  at  Palisade. 


c  Estimated. 
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Miscellaneous  measurements  in  NehvasJia  made  at  points  other  than  regular  gaging  sta- 
tions  during  the  years  1894  to  1898,  inclusive — Continued. 


Name  of  stream. 

Where  measured. 

Date. 

Discharge. 

VV  hitft  Tiiver . .. 

Head  of  Crawford  dam 

Aug.  14, 1897 
do 

Second-feet. 
11.9 
8 

Bridsre  below  Crawford 

Total  ; 

a  19.  9 

Bridffe  below  Crawford 

Sept.    9,1897" 

Sept.  20, 1897 
.    .     do 



6.96 

Head  of  Crawford  dam 

10.44 
7.53 

Bridffe  below  Crawford 

Total 

a  17.  97 

TTftfld  of  Crawford  daii       ..    ..    ......... 

Oct.    18,1897 
do 

15.25 
10.13 

Bridce  below  Crawford 

Total 

a  25. 38 

Head  of  Crawford  dam 

Nov.     5, 1897 
do 

15.87 
10.58 

Bridge  below  Crawford 

Total 

a  26.  45 

Head  of  Crawford  dam 

Apr.  27,1898 
do 

18.3 
11.1 

Bridge  below  Crawford 

Total 

a  29.  4 

Brido'e  below  Crawford 

Sept.  20, 1898 
Sept.  24, 1898 

7.7 
13.65 

Head  f>f  rirawf'^rd  dqm 

Total 

a  21.  35 

a  When  these  measurements  were  taken,  the  water  was  all  diverted  into  the  Crawford  ditch.  The 
gagings  at  the  bridge  below  Crawford  show  only  the  water  accumulated  between  the  two  points,  from 
Soldier  Creek,  seepage,  springs,  etc.  * 

The  actual  discharge  of  the  stream  at  Crawford  with  the  Crawford  ditch  closed  would  be  a  little 
less  than  the  sum  of  the  discharges  at  the  two  points. 

KAISTSAS  RIVER   r>RAi:N^AGE. 

Kansas  River  drains  an  area  between  the  Platte  on  the  north  and 
the  Arkansas  on  the  south.  The  headwaters  of  these  two  streams  encir- 
cle the  Kansas  River  basin  on  the  west,  and  cut  it  off  from  the  moun- 
tains, so  that  its  entire  drainage  area  is  well  within  the  Great  Plains. 
Its  discharge,  therefore,  has  peculiar  interest  from  the  fact  that  the 
run-off  is  not  affected  by  mountain  storms  or  melting  snow  from  the 
highlands.  The  greater  part  of  its  low- water  summer  supply  is  received 
from  seepage  from  gravels  and  other  pervious  deposits,  which  make  up 
a  considerable  portion  of  the  plain's  area. 


KANSAS  RIVER. 


Kansas  Eiver  is  formed  by  the  union  of  the  Smoky  Hill  and  Republi- 
can rivers  in  the  northern  part  of  Geary  County,  Kansas,  2  miles  east 
of  Junction  City.    It  flows  almost  directly  east  a  distance  of  115  miles 


U.    S.   GEOLOGICAL  SURVEV 


TWENTIETH  ANNUAL  REPORT      PART  IV      PL.   XXlX 


A.   GAGE   ON    KANSAS    RIVER   AT    LECOMPTON.    KANSAS. 


/>•.    DAM    ON    KANSAS    RIVER   AT    LAWRENCE,    KANSAS. 
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in  a  straight  line  and  empties  into  the  Missouri  Kiver  at  Kansas  City. 
The  length  along  the  center  line  of  the  river  is  about  170  miles,  accord- 
ing to  measurements  on  the  topographic  atlas  sheets.  It  falls  from  an 
elevation  of  1,071  feet  to  742  feet,  or  has  a  mean  fall  of  1.94  feet  to  the 
mile.  From  Kansas  City  to  Manhattan  the  width  varies  from  500  to 
1,000  feet.  At  the  Lawrence  gaging  station,  PI.  XXIX,  B^  it  is  690 
feet  wide;  at  Lecompton  gaging  station  it  is  about  800  feet  wide;  from 
Manhattan  to  the  Junction  it  is  300  to  600  feet  wide.  The  distance 
between  50-foot  contours  is  as  follows: 

From  1,071  to  1,050 1 6      miles. 

From  1,050  to  1,000 28.  5  miles. 

From  1,000  to     950 30.  5  miles. 

From     950  to     900 16.  0  miles. 

From     900  to     850 20.  5  miles. 

From     850  to     700 8.5  miles. 

From     700  to     750 41.  0  miles. 

From     750  to     742 20. 0  miles. 

The  principal  tributaries  are  the  Big  Blue  River,  entering  from  the 
north  near  Manhattan,  and  the  Delaware,  also  entering  from  the  north 
near  Lecompton.     A  view  of  the  latter  is  given  on  PI.  XXX,  A, 

PRECIPITATION   IN   THE   BASIN   OF   KANSAS   RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  Kan- 
sas River  are  at  Imperial,  Wallace,  Ough,  Oulbertson,  Indianola,  Pre- 
cept, Holdrege,  Mioden,  Redcloud,  Harvard,  David  City,  York,  Crete, 
Geneva,  Hebron,  Fairbury,  in  Nebraska;  and  Sharon  Springs,  Wallace, 
Colby,   Monument,  Oberlin,   Xorton,  Orainfield,  Gove  City,  Eureka 


•^u/esbur^ancf  fit.  Sedgtv/'cA" 
offei//&ce 


o 
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Fig.  113. — Relative  location  of  river  and  rainfall  observations  in  basin  of  Kansas  River. 

Ranch,  Hays  City,  Phillipsburg,  Kir  win,  Downs,  Concordia,  Salina, 
Abilene,  Fort  Riley,  Manhattan,  Topeka,  and  Lawrence,  in  the  State  of 
Kansas.  The  relative  location  of  these  points  is  shown  on  fig.  115  in 
connection  with  the  points  of  river  measurement  which  are  at  Superior, 
Ellsworth,  Salina,  Niles,  Junction  City,  Manhattan,  and  Lawrence. 
The  following  table  gives  the  name  and  location  of  the  stations,  the 
20  GEOL,  PT  4 20 
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elevation,  and  the  number  of  years  during  which  the  observations  have 
been  made,  or,  rather,  the  number  of  complete  monthly  observations 
used  in  computing  the  normals : 


Station. 

County. 

State. 

Latitude. 

Lougi- 
tude. 

Eleva- 
tion. 

Length  of 
record. 

o     / 

o       / 

Feet. 

Years. 

Imperial 

Wallace 

Ouiili 

Chase 

Nebraska.. 

40  30 

101  43 

3,278 

5-  8 

Lincoln  . 

do 

40  49 
40  19 

101  14 
101  30 

3,116 

5-  7 

6-  7 

Dundy  

do 

Culbertson 

Hitchcock 

....do 

40  14 

100  49 

2,576 

9-11 

Indianola 

Red  Willow.... 

....do 

40  14 

100  23 

2,372 

10-12 

Precept  

Holdrege  

Minden  

Furnass 

....do 

40  03 

99  46 

2,147 

15-16 

Phelps 

....do 

40  27 

99  22 

2,324 

5-  8 

Kearnev . 

....do 

40  30 

98  56 

2,190 

20 

Redcloud 

Harvard 

Webster 

do 

40  05 
40  37 

98  31 

98  02 

1,  650 
1,812 

6-10 
7-  9 

Clay 

....do 

David  City 

Butler 

....do 

41  15 

97  06 

1,619 

9-10 

York 

Crete 

York 

....do 

40  53 
40  38 
40  32 
40  09 

97  34 

96  59 

97  35 
97  34 

1,642 
1,368 
1,632 
1,421 

8-11 
17-18 

5-  9 
10-12 

Saline 

....  do 

Geneva  

Hebron 

Fillmore 

....do 

Thayer  

do 

Fairburg 

Jefferson 

....do 

40  08 

97  08 

1,318 

13-14 

Sharon  Springs. 

Wallace 

Kansas 

38  54 

101  43 

3,440 

9-10 

Wallace 

do 

....do 

38  54 

39  20 
39  06 

101  35 
101  33 
101  01 

3,253 
3,552 
3,180 

22-24 
6-  8 
7-10 

Colby       

Thomas  . 

. .   .  do  . 

Monument 

Logan  

....do 

Oberlin 

Decatur  

....do 

39  48 

100  32 

2,539 

10-11 

Norton 

Norton 

....do 

39  50 
39  06 

38  58 

99  52 
100  29 
100  30 

2,284 
2,811 

6 

10-12 

8-  9 

Grainfield 

Gove  City 

Gove 

....do 

do 

....  do 

Eureka  Ranch... 

TresTO 

do 

.    Hays  Citv 

Ellis 

....  do 

38  50 

90  21 

2,107 

20-23 

Pliillipsburg 

Kirwin 

jphillips  

....do 

39  40 

39  32 
39  34 
38  50 
38  55 

99  08 

98  25 
97  40 
97  36 
97  12 

1,939 

1,488 
1,  410 
1,225 
1,157 

9-11 

19-20 
12-13 
13-15 

7-  9 

Osborne  

do 

Downs 

Concordia 

Salina   

Abilene 

Cloud 

. .  ..do 

Saline 

do 

Dickinson 

....do 

Ft.  Riley 

Geary  

....do 

39  02 

97  00 

1,072 

43-45 

Manhattan 

Topeka  

Riley 

do 

39  12 
39  03 

96  37 
95  39 

1.125 

884 

36-40 
21-23 

Shawnee  

....do 

Lawrence 

Douglas 

do 

38  58 

95  14 

849 

32-34 
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In  the  following  table  are  given  the  figures  of  normal  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation  by  months  for 
the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  the  observations  were  made. 

Rainfall  at  stations  in  drainage  hasin  of  Kansas  River. 

IMPERIAL. 


Year. 


Normal 
1896...  - . 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.68 

0.82 

1.18 

2.36 

2.30 

3.26 

2.25 

2.91 

0.53 

1.09 

0.32 

0.54 

0.50 

0.20 

1.10 

4.30 

1.34 

4.60 

3.15 

1.45 

1.40 

1.00 

0.20 

0.35 

0.50 

0.70 

2.05 

2.55 

1.95 

2.38 

1.23 

6.03 

0.51 

3.87 

0.52 

0.70 

0.50 

0.22 

0.56 

1.82 

7.29 

3.55 

3.37 

0.88 

4.02 

0.30 

0.86 

0.92 

Annual. 


18.24 
19.59 
22.99 
24.29 


WALLACE.  NEBR. 


Normal 

1896 

1897..-. 
1898 


0.69 

0.60 

L27 

2.75 

L56 

3.48 

2.68 

1.62 

0.29 

0.50 

0.17 

0.35 

0.50 

0.20 

2.60 

4.59 

0.80 

3.38 

6.06 

L86 

0.96 

0.70 

0.10 

0.50 

0.23 

0,50 

1.35 

2.23 

T. 

1.46 

0.86 

L62 

0.12 

0.60 

0.50 

0.70 

1.05 

0.10 

0.30 

0.55 

4.80 

2.26 

0.02 

15.96 
22.25 
10.17 


OUGH. 


Normal 
1896. . . . 
1897.-.. 
1898---- 


0.33 

0.65 

0.88 

L98 

2.27 

3.57 

2.41 

2.31 

0.61 

LIO 

0.16 

0.41 

0.71 

0.10 

0.90 

2.58 

1.74 

3.68 

0.73 

0.85 

0.99 

0.60 

T. 

0.25 

0.20 

T. 

2.19 

2.85 

0.68 

2.76 

1.30 

5.78 

0.63 

3.77 

0.33 

0.50 

0.20 

T. 

0.45 

3.80 

5.50 

3.24 

1.28 

1.92 

3.80 

0.40 

0.30 

T. 

16.68 
13.13 
20.99 
20.89 


CULBERTSON. 


Normal 

1896 

1897 

1898 


0.45 

0.54 

0.94 

3.02 

2.46 

3.94 

2.95 

3.07 

1.12 

L05 

0.27 

0.39 

0.56 

0.00 

0.57 

4.38 

2.77 

3.08 

0.53 

2.67 

1.97 

L80 

0.10 

T. 

0.71 

0.77 

L90 

4.73 

0.75 

8.67 

1.29 

2.95 

1.13 

4.84 

0.38 

0.85 

0.40 

0.00 

0.24 

3.02 

3.84 

3.48 

1.44 

1.34 

3.90 

2.52 

0.37 

0.07 

20.20 
18.43 
28.97 
20.62 


INDIANOLA. 


Normal 

1896 

1897 

1898 


0.62 

0.76 

0.78 

2.11 

2.57 

3.61 

2.69 

2.51 

1.42 

L43 

0.21 

0.74 

T. 

0.00 

1.00 

3.70 

2.44 

3.59 

L37 

2.95 

1.54 

L87 

0.15 

T. 

0.80 

0.47 

1.00 

5.23 

0.74 

6.31 

0.75 

0.82 

1.88 

4.86 

0.30 

1.25 

0.60 

0.00 

0.25 

3.18 

5.22 

19.45 
18.61 
24.51 


PRECEPT. 


Normal 
1896--.- 
1897.... 
1898.... 


0.55 

0.75 

0.86 

3.00 

3.85 

4.42 

4.04 

2.81 

1.68 

L53 

0.51 

0.79 

0.56 

0.06 

0.56 

4.98 

2.68 

5.83 

3.28 

2.54 

2.15 

0.87 

0.33 

0.14 

0.28 

0.38 

1.30 

5.30 

0.85 

3.54 

3.13 

1.50 

2.16 

4.81 

0.39 

1.09 

24.79 
23.98 
24.73 
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Rainfall  at  stations  in  drainaye  basin  of  Kansas  River — Continued. 

HOLDREGE. 


Tear. 


Normal 

1896 

1897 

1898 


Jan. 


0.61 


0.70 
0.80 


Feb. 


1.02 


1.01 
0.25 


Mar. 


1.06 
1.20 
2.30 
0.03 


Apr.   May. 


June.  July.   Aug. 


3.05 
5.80 
5.80 
3.35 


3.96 
4.97 
2.80 
4.96 


3.74 


3.45 
3.85 


2.44 
3.12 
3.85 

1.85 


2.27 


0.95 
1.83 


Sept. 


1.87 
2.36 
2.30 
5.05 


Oct. 


1.23 
0.70 
4.35 
0.73 


Nov. 


0.49 


0.27 
0.10 


Dec. 


0.58 


1.00 
T. 


Annual. 


22.32 


28.78 
22.80 


MINDEN. 


Normal 
1896.... 

1897 

1898.... 


1.10 

1.10 

1.50 

3.90 

5.20 

5.20 

5.00 

3.20 

2.40 

2.10 

1.00 

0.80 

0.75 

0.15 

1.72 

10.82 

6.28 

2.61 

3.54 

2.61 

2.63 

1.87 

1.77 

0.09 

0.80 

1.25 

1.93 

4.48 

2.11 

4.99 

3.05 

2.27 

1.04 

7.34 

0.97 

1.61 

0.31 

0.44 

2.30 

3.96 

4.91 

4.11 

1.50 

3.95 

4.39 

1.04 

0.89 

0.30 

32.5 
34.84 
31.84 
26.03 


REDCLOUD. 


Normal 
1896.... 
1897.... 
1898.... 


0.27 

0.50 

0.59 

3.16 

3.74 

5.54 

3.42 

2.65 

2,28 

1.71 

0.56 

0.53 

0.49 

0.05 

0.94 

5.31 

5.48 

2.85 

1.68 

5.69 

2.39 

2.39 

1.56 

0.25 

0.40 

0.35 

0.93 

4.97 

1.63 

10.93 

4.32 

1.06 

1.44 

5.21 

0.60 

0.84 

0.45 

0.15 

0.27 

3.10 

3.25 

1.30 

1.63 

0.28 

4.75 

0.84 

0.93 

0.73 

24.95 
29.08 
32.69 
17.68 


HARVARD. 


Normal . 
1896.... 

1897 

3898 


1.10 

0.83 

1.22 

3.69 

4.07 

3.96 

2.52 

2.88 

1.82 

2.47 

0.81 

0.86 

0.30 

0.25 

1.45 

9.27 

6.55 

1.85 

3.19 

2.27 

3.04 

2.94 

1.49 

0.06 

1.25 

0.60 

1.86 

4.19 

3,06 

3.74 

1.79 

2.56 

1.34 

4.27 

0.57 

1.62 

0.30 

1.00 

0.40 

4.38 

3.05 

6.02 

0.77 

5.11 

4.37 

1.62 

0.67 

0.38 

26.23 
32.66 
26.85 
28.07 


DAVID  CITY. 


Normal 
1896.... 
1897.... 
1898...- 


0.92 

0.73 

1.85 

3.72 

3.31 

4.59 

3.85 

2.82 

1.84 

2.03 

0.82 

0.82 

0.60 

0.25 

2.70 

10.25 

7.60 

2.80 

6.90 

1.45 

4.25 

3.30 

2.60 

0.25 

0.95 

0.50 

1.75 

6.60 

2.65 

2.00 

1.90 

3.30 

1.10 

4.10 

0.30 

1.30 

0.75 

0.50 

0.  75 

2.75 

6.80 

5.30 

0.70 

2.80 

2.20 

1.65 

0.80 

0.40 

YORK:. 


27.  30 
42.95 
26.45 
25.40 


Normal 
1896.... 

1897 

1898.-.. 


0.58 

0.80 

1.37 

3.88 

3.90 

4.44 

3.54 

2.58 

1.72 

1.74 

0.72 

0.58 

0.90 

0.00 

1.94 

11.22 

7.19 

3.32 

3.71 

1.25 

4.12 

2.46 

1.40 

0.21 

0.50 

1.10 

2.80 

5.45 

2.24 

1.76 

1.60 

1.68 

0,72 

4.52 

0.60 

1.30 

0.50 

0.70 

0.75 

4.73 

4.63 

4.76 

0.28 

1.39 

2.16 

1.20 

0.30 

0.80 

CRETE. 


25.85 
37.72 
24.27 
22.20 


Normal . 

1896 

1897.... 
1898.... 


0.8 

0.9 

1.8 

2.7 

4.5 

4.6 

3.9 

3.2 

1,8 

2.2 

0.6 

0,6 

0.54 

0.19 

2.45 

4.45 

7.98 

3.71 

8.21 

3.66 

3.85 

3,89 

1.58 

0,52 

1.45 

0.90 

3.07 

4.38 

1.69 

2.41 

3.73 

3,50 

1.11 

4.23 

0,35 

1,10 

0.29 

1.23 

0.40 

4.25 

3.30 

3.92 

1.84 

2.76 

2.25 

1.44 

0,50 

0,60 

GENEVA. 


27.6 

40.99 

27.92 

22,78 


Normal 
1896.... 
1897.--. 
1898- -  - . 


0.63 

1.21 

1.22 

3.25 

4.57 

4,95 

2,82 

3.72 

2.03 

2.41 

0.83 

0.72 

0.47 

1.25 

1.56 

7.11 

5.38 

4.25 

1,98 

4.96 

4.11 

3.32 

1,98 

0.19 

0.60 

0.93 

1.61 

4.69 

2.61 

4.42 

2,39 

3.04 

2.94 

5.79 

0.45 

1,05 

0,86 

0.87 

0.25 

2.78 

5,35 

11,62 

0.35 

4.97 

3.35 

2.14 

0.82 

0.75 

28,38 
36.  56 
30,52 
34.11 
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Bawfall  at  stations  in  drainage  basin  of  Kansas  River — Continued. 

HEBRON. 


Year. 


Normal 
1896.... 
1897.... 
1898.-.. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 
4.35 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.88 

0.60 

1.70 

2.39 

4.33 

4.15 

3.37 

2.28 

1.64 

1.13 

0.56 

0.40 

0.13 

1.03 

3.52 

6.00 

4.45 

4.63 

4.65 

3.21 

3.31 

1.67 

0.26 

0.65 

0.42 

1.33 

3.12 

3.27 

5.52 

3.56 

2.63 

1.22 

4.70 

0.45 

1.00 

1.16 

0.71 

0.88 

3.91 

•4.63 

6.11 

0.71 

1.76 

2.47 

1.12 

1.00 

0.94 

Annual. 

27.38 
33.26 
27.87 
25.40 


FAIRBUEY. 


Normal 
1896.-.. 
1897.... 
1898..-. 


0.7 

0.7 

1.8 

2.4 

4.4 

3.8 

5.0 

3.2 

2.1 

2.3 

0.7 

0.7 

0.18 

0.18 

0.45 

2.34 

8.75 

5.77 

2.78 

5.49 

3.22 

2.82 

1.14 

0.40 

0.44 

0.20 

1.15 

3.35 

3.65 

5.82 

6.26 

3.37 

1.37 

4.97 

0.36 

1.40 

1.02 

1.09 

1.30 

5.66 

5.14 

3.07 

0.80 

1.46 

3.72 

1.89 

0.92 

0.90 

27.8 
33.52 
32.34 
26.97 


SHAEON  SPRINGS. 


Normal 
1896.... 

1897 

1898 


0.52 

0.59 

1.01 

1.88 

2.03 

2.95 

2.99 

2.57 

0.76 

0.93 

0.19 

0.52 

0.25 

T. 

0.75 

3.00 

T. 

2.25 

2.12 

2.50 

1.25 

1.00 

T. 

0.75 

(0.  52) 

0.70 

1.50 

3.00 

0.00 

4.10 

3.75 

3.45 

1.75 

3.00 

0.40 

0.30 

0.20 

0.15 

16.94 

13.87 
22.47 


WALLACE.  KANSAS. 


Normal 

1896 

1897 

1898 


0.2 

0.4 

0.5 

1.7 

2.6 

2.2 

3.4 

L8 

1.3 

0.9 

0.4 

0.4 

0.16 

T. 

0.32 

3.37 

0.39 

LIO 

4.48 

2.00 

1.06 

0.93 

0.07 

0.38 

0.01 

0.15 

0.81 

2.09 

0.49 

1.58 

2.72 

4.83 

1.79 

4.43 

0.35 

0.36 

0.30 

0.00 

0.19 

0.75 

5.17 

1.43 

3.47 

1.20 

1.33 

0.62 

T. 

0.70 

15.8 
14.26 
19.61 
15.16 


COLBY. 


Normal , 

1896 

1897 

1898 


0.39 

0.42 

0.72 

2.18 

2.35 

3.68 

2.63 

2.42 

1.08 

1.36 

0.32 

0.36 

0.46 

0.10 

0.48 

5.11 

2.13 

5.39 

2.00 

2.83 

L47 

1.62 

0.25 

0.16 

0.22 

0.65 

2.13 

4.06 

1.73 

4.74 

1.83 

4.84 

3.19 

5.50 

0.18 

0.47 

0.04 

0.02 

0.24 

l.U 

4.51 

2.85 

1.35 

0.64 

3.00 

0.55 

0.35 

0.42 

17.91 
22.00 
29.54 
15.08 


Normal . 

1896 

1897 

1898 


MONUMENT. 


0.32 

0.60 

0.66 

2.60 

2.27 

3.36 

2.81 

LSI 

1.00 

0.73 

0.43 

0.22 

1.00 

T. 

0.35 

4.70 

1.25 

2.58 

2.50 

2.50 

1.75 

LIO 

T. 

0.50 

0.02 

0.50 

L25 

3.75 

0.00 

1.08 

4.50 

5.25 

2.75 

4.50 

0.00 

0.35 

i 

OBERLIN. 


16.81 
18.23 
23.95 


Normal 
1896.... 
1897.... 
1898 


0.48 

0.88 

L77 

3.61 

3.60 

3.87 

4.00 

2.41 

L42 

1.16 

0.56 

0.67 

0.40 

0.20 

0.90 

6.01 

4.47 

5.36 

2.82 

2.88 

1.60 

1.75 

0.50 

0.10 

0.40 

1.10 

3.30 

6.70 

0.28 

5.00 

2.65 

■4.75 

2.94 

5.07 

0.50 

L80 

(0.  48) 

0.00 

0.40 

2.18 

5.03 

3.43 

5.30 

1.35 

5.61 

1.70 

1.00 

0.40 

24.43 
25.49 
34.49 

26.88 


NORTON. 


Normal 
1896.... 

1897 

1898.... 


0.39 
0.45 
0.80 
0.19 


0.61 

T. 

1.55 

0.01 


0.49 
0.10 
0.10 
0.16 


L28 
L61 
3.49 
3.62 


2.23 

0.70 


5.60 


3.21 
1.64 


4.35 
0.90 


4.98 


1.74 
0.22 


1.87 


2.68 
2.01 


0.90 

0.75 


0.29 
0.24 


0.85 
0.68 


19.02 
9.30 
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Rainfall  at  stations  in  drainage  basin  of  Kansas  Elver — Continued. 

GKAINFIELD. 


Tear. 


Normal 

1896 

1897 

1898 


Jan. 


0.4 
T. 
T. 

0.45 


Feb. 


0.6 
T. 

0.50 
0.00 


Mar. 


1.3 
0.20 
6.00 
0.02 


Apr. 


3.3 

4.22 

3.80 


May. 


3.8 

2.92 

1.50 


June. 


3.2 

6.41 

4.02 


July. 


3.5 

4.55 

3.75 


Aug. 


1.8 

4.15 

3.00 


Sept. 


1.7 

3.50 

2.70 


Oct. 


1.1 

2.10 

1.50 


Nov. 


0.3 
T. 
T. 


Dec. 


0.2 
T. 
0.30 


Annual. 


21.2 

28.45 

27.07 


( 

GOVE 

0.60 

0.84 

0.78 

2.27 

2.60 

3.68 

3.94 

1.54 

2.06 

0.92 

0.48 

0.42 

0.78 

0.00 

0.45 

4.08 

2.80 

4.31 

3.03 

1.61 

4.15 

2.00 

0.20 

0.12 

0.20 

1.00 

1.75 

4.68 

3.53 

4.49 

4.77 

1.87 

3.42 

2.67 

0.15 

0.30 

0.40 

T. 

0.27 

1.66. 

6.65 

5.41 

1.27 

0.91 

4.54 

(0. 92) 

0.80 

0.82 

Normal 

1896 

1897 

1898 


20.13 
23.53 
28.83 
23.65 


Normal 

1896 

1897..-. 
1898 


EUREKA  RANCH. 


0.79 

0.93 

0.87 

2.11 

2.66 

2.78 

3.37 

1.94 

1.28 

1.31 

0.50 

0.64 

0.68 

0.02 

0.55 

3.69 

2.41 

4.42 

1.81 

1,17 

1.37 

2.05 

0.35 

0.15 

0.69 

0.49 

0.35 

5.96 

1.15 

2.00 

3.28 

1.75 

1.11 

2.57 

0.07 

0.27 

1.28 

0.25 

0.36 

1.22 

5.25 

2.25 

0.82 

0.78 

6.53 

0.42 

1.02 

0.55 

19.18 
18.67 
19.69 
20.73 


HAYS. 


Normal . 

1896 

1897 

1898 


0.75 
0.50 
0.20 


0.88 

T. 

0.50 

0.25 


1.82 
0.45 
1.60 


2.34 
4.56 
7.92 
2.38 


2.92 

3.01 

1.65 

10.42 


2.79 
6.19 
3.10 
1.97 


3.11 
1.64 
2.83 
2.36 


3.17 

1.95 

(3. 17) 

1.40 


2.59 
4.90 
2.66 
7.21 


1.39 
3.85 
3.75 


0.96 

0.35 

T. 


1.40 
0.30 
0.30 


24.12 
27.70 
27.68 


KIRWIN  AND  PHILLIPSBURG. 


Normal . 
1896 

1897 

1898 


0.60 

0.70 

1.18 

2.32 

2.71 

3.75 

4.15 

2.30 

1.71 

1.45 

0.45 

0.42 

1.23 

0.20 

1.00 

4.55 

3.99 

5.02 

5.68 

5.10 

2.88 

1.64 

T. 

0.62 

1.58 

(0.  70) 

1.70 

4.56 

0.18 

4.29 

(4. 15) 

1.81 

2.41 

5.18 

0.10 

0.90 

1.20 

0.15 

0.20 

3.26 

3.39 

3.57 

3.44 

1.57 

5.20 

1.06 

1.30 

0.53 

21.74 
31.91 
27.56 
24.87 


DOWNS. 


Normal 

1896 

1897 

1898 


0.9 

0.91 

0.85 


1.0 

0.25 

0.92 


1.2 

1.14 

1.03 


2.7 

7.10 

5.04 


2.3 

5.08 

1.98 


4.0 
3.10 


4.2 
2.65 


2.6 

2.65 


2.1 
4.24 


1.7 
3.11 


1.0 
0.56 


0.6 
0.20 


25.30 
30.99 


CONCORDIA. 


Normal 

1896 

1897 

1898.... 


0.78 

0.85 

1.67 

2.29 

4.27 

4.43 

3.77 

2.83 

2.35 

1.93 

0.82 

0.48 

0.52 

0.30 

1.02 

2.60 

6.46 

2.12 

9.27 

3.09 

3.53 

2.56 

1.78 

0.09 

0.91 

0.52 

1.44 

4.20 

2.13 

6.82 

5.31 

1.88 

1.20 

5.80 

0.39 

0.85 

26.47 
83.34 
31.45 


SALINA, 


Normal 
1896.... 
1897  ... 
1898. . . . 


0.7 

0.7 

1.3 

2.7y> 

4.1 

4.1 

4.0 

2.8 

1.8 

2.2 

0.6 

0.8 

0.40 

0.18 

0.87 

5.39 

5.41 

9.97 

6.16 

2.08 

3.07 

3.01 

1.13 

0.27 

1.00 

1.66 

1.60 

3.72 

1.54 

1.83 

2.91 

2.00 

1.15 

2.29 

0.01 

0.79 

1.71 

0.33 

0.87 

3.48 

5.45 

2.92 

2.61 

0.97 

3.08 

1.67 

0.83 

1.67 

25.80 
37.94 
20.50 
25.59 


NEWELL. 


KANSAS    RIVER    BASIN. 


311 


Bain/all  at  stations  in  drainage  hasin  of  Kansas  River — Continued. 

ABILENE. " 


Tear. 


Normal 
1896..-. 
1897.... 
1898..-. 


Jan. 

Feb. 
1.19 

Mar. 

Ajir. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.91 

2.34 

2.64 

4.02 

4.62 

3.92 

3.09 

2.32 

2.08 

0.68 

1.01 

1.33 

0.25 

0.70 

6.52 

5.54 

9.04 

8.44 

1.58 

5.43 

2.25 

1.12 

0.15 

0.90 

1.70 

2.25 

3.14 

2.47 

2.32 

3.74 

5.82 

1.47 

2.28 

0.23 

0.95 

1.66 

0.90 

1.03 

3.81 

6.20 

4.48 

2.53 

2.79 

4.30 

1.88 

1.75 

2.13 

28.  82 
42.35 
27.31 
33.46 


FOKT  RILEY. 


Normal 
1896.... 
1897.... 
1898. . . . 


0.57 

0.89 

1.03 

2.04 

3.51 

3.94 

3.74 

3.64 

2.82 

1.59 

1.17 

0.84 

0.26 

0.46 

0.33 

5.54 

7.11 

4.72 

7.46 

2.60 

5.75 

1.45 

2.60 

0.99 

L35 

L80 

2.08 

3.09 

3.02 

3.69 

2.73 

0.77 

2.12 

0.27 

0.88 

0.83 

1.50 

1.46 

4.85 

6.88 

4.40 

3.08 

1.03 

3.47 

2.30 

0.34 

1.40 

25.78 
38.28 
22.79 
31.54 


MANHATTAN. 


Normal . 

1896 

1897 

1898 


0.83 

1.06 

L32 

2.68 

4.17 

4.49 

4.70 

3.48 

3.04 

2.36 

1.30 

• 
0.89 

0.31 

0.56 

0.87 

5.49 

7.41 

2.63 

5.39 

2.26 

5.06 

5.13 

0.91 

0.26 

L32 

1.20 

2.19 

4.19 

2.30 

4.97 

3.44 

0.87 

0.53 

2.02 

0.54 

1.28 

1.03 

L35 

1.40 

4.74 

8.04 

4.99 

2.47 

1.78 

2.75 

1.93 

L43 

1.33 

30.  72 
36.28 
24.95 
33.24 


TOPEKA. 


Normal 
1896... 
1897.... 
1898. . . . 


L14 

L47 

1.75 

2.92 

4.88 

5.24 

4.68 

4.00 

3.02 

2.36 

1.57 

1.02 

0.41 

0.60 

0.62 

4.00 

9.30 

3.19 

5.54  ' 

5.60 

2.61 

3.34 

1.04 

0.31 

1.45 

1.46 

2.32 

2.44 

2.43 

7.82 

3.89 

2.81 

L16 

1.37 

0.56 

L15 

34.05 
36.56 
28.86 


LAWRENCE. 


Normal 
1896.... 
1897.-.. 
1898.... 


1.2 

1.4 

2.3 

3.2 

4.5 

5.0 

4.6 

3.9 

3.4 

2.6 

1.8 

L6 

0.90 

0.53 

0.62 

3.66 

7.12 

3.92 

6.15 

3.96 

3.46 

2.76 

1.30 

0.47 

1.51 

L54 

2.88 

1.96 

2.26 

4.86 

1.70 

2.69 

L53 

1.08 

0.72 

1.06 

4.01 

1.93 

5.41 

7.42 

3.59 

L35 

3.46 

5.78 

4.17 

1.47 

1.56 

35.5 
34.85 
23.79 
42.45 


AVERAGES. 


Normal 
1896.... 

1897.... 


0.67 
0.54 
0.69 


0.81 
0.20 
0.81 


1.26 
0.97 
1.84 


2.69 
5.14 
4.19 


3.42 
4.44 
L75 


3.96 
4.09 
4.13 


3.59 
3.93 
2.99 


2.71 
2.80 
2.96 


1.83 
2.89 
1.62 


1.59 

2.18 
3.86 


0.66 
0.75 
3.94 


0.67 
0.34 
0.90 


23.86 
28.27 
29.68 


Depth  of  run-off,  in  inches,  from  Kansas  drainage  hasin. 
REPUBLICAN  AT  SUPERIOR. 


Tear. 

Jan. 
0.04 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1897 

0.04 

0.03 

0.06 
0.01 

0.04 

0.02 
0.06 

0.02 
0.07 

0.05 
0.02 

0.01 
0.01 

0.003 
0.01 

1898 

0.01 

0.01 

Average . 



0.04. 

0.04 

0.03 

0.04 

0.05 

0.04 

0.01 

0.02 

0.01 

0.01 
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Depth  of  run-off,  in  inches,  from  Kansas  drainage  hasin — Continued. 
REPUBLICAN  AT  JUNCTION  CITY. 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

i 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

AnnuaL 

1895 

0.09 
0.16 
0.08 
0.02 

0.16 
0.04 
0.03 
0.01 

0.03 
0.03 
0.01 
0.01 

0.01 
0.02 
0.01 
0.01 

0.01 
0.03 
0.03 
0.01 

0.02 
0.04 
0.03 
0.02 

0.60 
0.50 
9.40 

1896 

0.02 
0.03 
0.03 

0.03 
0.05 
0.04 

0.02 
0.04 
0.03 

0.06 
0.09 
0.04 

0.06 

0.09 
0.04 
0.09 

0.06 
0.07 
0.09 

0.07 

1897 

1898 

Average . 

0.03 

0.04 

0.03 

0.07 

0.09 

0.06 

0.02 

0.01 

0.02 

0.03 

0.53 

BLUE  AT  MANHATTAN. 

]  895       

0.04 
0.13 
0.93 
0.18 

0.07 
0.59 
0.28 
0.43 

0.19 
0.55 
0.35 
0.53 

0.10 
0.67 
0.31 
0.09 

0.24 
0.31 
0.21 
0.06 

0.15 
0.19 
0.07 
0.04 

0.06 
0.13 
0.07 
0.04 

0.07 
0.14 
0.08 
0.06 

0.07 
0.09 
0.09 
0.07 

3.06 
2.82 
1.90 

1896  

0.07 
0.12 
0.08 

0.06 
0.14 
0.23 

0.17 
0.09 

1897 

1898 

Average . 

0.09 

0.14 

0.13 

0.32 

0.34 

0.41 

0.29 

5.21 

0.11 

0.08 

0.09 

0.08 

2.29 

KANSAS  AT  LAWRENCE. 

1895 

0.03 
0.02 
0.07 
0.04 

0.03 
0.08 
0.25 
0.07 

0.02 
0.26 
0.11 
0.28 

0.11 
0.28 
0.14 
0.26 

0.12 
0.45 
0.20 
0.05 

0.22 
0.17 
0.06 
0.02 

0.09 
0.08 
0.02 
0.03 

0.02 
0.04 
0.02 
0.02 

0.02 
0.07 
0.04 
0.01 

0.02 
0.05 
0.02 
0.03 

0.76 
L55 
L04 
0.88 

1896 

0.02 
0.04 
0.02 

0.03 
0.08 
0.05 

1897 

1898 

Average  . 

0.03 

0.05 

0.04 

0.11 

0.17 

0.20 

0.21 

0.12 

0.06 

0.03 

0.04 

0.03 

L09 

SMOKY. HILL  AT  ELLSWORTH. 

1895 

0.001 
0.02 
0.02 
0.003 

0.001 
0.01 
0.03 
0.02 

0.10 
0.04 
0.01 
0.04 

0.22 
0.03 
0.01 
0.01 

0.03 
0.02 
0.01 
0.003 

0.01 
0.01 
0.01 
0.18 

0.003 
0.01 
0.01 
0.004 

0.003 
0.01 
0.01 
0.003 

0.003 
0.01 
0.01 
0.01 

L61 
0.16 
0.44 

1896 

0.004 

O.Ol 

0.01 

0.004 

0.02 

0.01 

0.002 

0.01 

0.003 

1897 

1898 

Average  . 

0.01 

0.01 

0.01 

0.01 

0.02 

0.05 

0.07 

0.02 

0.05 

0.01 

0.01 

0.01 

0.28 

SALINE  AT  BEVERLY. 

1895 

0.20 
0.12 

0.04 
0.05 

0.01 
0.02 

0.01 
0.11 

0.01 
0.03 

0.01 
0.026 

1.52 

1896 

0.02 
0.02 

0.02 
0,03 

0.02 
0.02 

0.06 
0.08 

0.13 
0.06 

0.94 
0.19 

1897 

1898 

Average  . 

0.01 

0.02 

0.03 

0.02 

0.07 

0.10 

0.57 

0.16 

0.05 

0.02 

0.06 

0.02 

1.13 

SOLOMON  AT  NILES. 

1896 

1897 

0.05 
0.04 

0.18 
0.09 

0.14 
0.02 

0.03 
0.01 

0.02 
0.01 

0.02 
0.01 

0.02 
0.01 

0.02 
0.02 

0.29 

1898 

0.02 

0.02 

0.02 

0.02 

Average . 

0.02 

0.02 

0.02 

0.02 

0.05 

0.14 

0.08 

0.02 

0.02 

0.02 

0.02 

0.02 

0.40 

SALINE  AT  SALINA. 

1897 

0.05 
0.04 

0.09 
0.09 

0.03 
0.03 

0.03 
0.01 

0.01 
0.04 

0.01 
0.01 

0.01 
0.01 

0.01 
0.05 

0.24 
0.34 

1898 

0.02 

0.02 

0.01 

0.01 

Average. 

0.02 

0.02 

0.01 

0.01 

0.05 

0.09 

0.03 

0.02 

0.03 

0.01 

0.01 

0.03 

0.33 
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liainfall  and  run-off 


Station. 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Tmnerial 

18. 24 
15.96 
16.68 
20.20 
19.45 
24.79 
22.32 
32.50 
24.95 
26.23 
27.30 
25.  85 
27.60 
28.38 
27.38 
27.80 
16.94 
15.80 
17.91 
16.81 
24.  43 
19.02 
21.20 
20.13 
19.18 
24.12 
21.74 
25.30 
26.47 
25.80 
28.82 
25.78 
30.72 
34.05 
35.50 

19.59 
22.25 
13.13 

18.43 
18.61 
23.98 

22.99 
10.17 
20.99 
28.97 
24.51 
24.73 
28.78 
31.84 
32.69 
26.85 
26.45 
24.27 
27.92 
30.52 
27.87 
32.34 
22.47 
19.61 
29.54 
23.  95 
34.49 

24.29 

Wallace . 

Ouerli.              ... ..... 

20.89 
20.62 

Kjyi^u.'  ......  ......  ......  . ..  ---• 

Culbertsoii    .. . 

Indianola            .  . ......  ... 

PreceDt 

Holdresre . 

22.80 
26.03 
17.68 
28.07 
25.40 
22.20 
22.78 
34.11 
25.40 
26.97 

Minden  . -. 

34.84 
29.08 
32.66 
42.  95 
37.72 
40.99 
36.56 
33.26 
33.52 
13.87 
14.26 
22.00 
18.23 
25.49 
9.30 
28.45 
23.53 
18.67 
27.70 
31.91 
30.99 
33.34 
37.94 
42.35 
38.28 
36.28 
36.56 
34.85 

Red  Cloud    

Harvard    

David  Citv    

York 

Crete 

Geneva. 

Hebron 

Fairbury 

Sharon  Springs 

Wallace.  Wallace  Countv 

15.18 
15.08 

Colby 

Monument  ...           

Oberli  n 

26.88 

Norton 

Grainfield 

27.07 
28.83 
19.69 
27.68 
27.56 

Gove  City 

23.65 
20.73 

Eureka  Ranch 

Hays  City 

Kirwiu 

24.87 

Downs 

Concordia 

31.45 
20.50 
27.31 
22.79 

24.85 
28.86 
23.79 

Salina , 

25.59 
33.46 
31. 54 
33.24 

Abilene 

Fort  Riley 

Manhattan 

Topeka 

Lawrence 

42.45 

Average 

23.87 

28.28 

26.13 

25.41 

RUN-OFF, 

Republican  at  Junction  City 

Blue  at  Manhattan 

0.53 
2.29 
1.09 
0.28 
L13 
0.45 
0.33 

0.60 
3.06 
1.55 
1.61 
1.52 

0.50 
2.82 
1.04 
0.16 

0.40 
L90 
0.88 
0.44 

Kansas  at  Lawrence 

Smoky  Hill  at  Ellsworth 

Saline  at  Beverly 

Solomon  at  Niles 

0.29 
0.34 

Saline  at  Saline 

0.24 

Average 

■ 

Percentage  of  rainfall. 

0.87 

1.67 

0.95 

0.71 

3.65 

5.91 

3.64 

2.79 
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SOLOMON   RIVER. 

Estimaied  viontlily  discharge  of  Solomon  liiver  at  Niles,  Kansas. 
[Drainage  area,  <),815  square  miles. 1 


Month. 


1898. 
January  .  . 
February  . 

March 

April   

May 

JuDe 

July 

August.  ... 
September 
October  ... 
November  . 
December  . 


Discharge  in  second-feet. 


Maxi- 
mum. 


172 
260 
190 
353 
677 
1,175 
335 
103 
190 
79 
120 
268 


The  year 1,  175 


Mini- 
mum. 


126 

109 

98 

109 

160 

196 

79 

35 

42 

47 

47 

87 


35 


Mean. 


155 

164 

131 

146 

243 

534 

156 

56 

79 

58 

72 

147 


162 


Total  in  acre- 
feet. 


9,531 
9,108 
8,055 
8,688 
14,  942 
31,  775 
9,592 
3,443 
4,701 
3,566 
4,284 
9,039 


n6,724 


Run-off. 


Depth  in 
inches. 


0.02 
0.02 
0.02 
0.02 
0.04 
0.09 
0.02 
0.01 
0.01 
0.01 
0.01 
0.02 


0.29 


Second- 
feet  i»er 
square 
mile. 


0.02 
0.02 
0.02 
0.02 
0.04 
0.08 
0.02 
0.01 
0.01 
0.01 
0.01 
0.02 


0.02 


^OTE. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  92; 
measurements,  page  95;  rating  table,  page  9G;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
!ISro.  16,  page  111,  and  in  the  Nineteenth  Annual  Heport,  Part  IV,  page  342.  • 
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Fig.  114. — Discharge  of  Solomon  River  at  Niles,  Kansas. 
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SMOKY   HILL    RIVER. 

Measurements  of  Smoky  Hill  Kiver  were  begun  on  April  17, 1895,  as 
described  in  the  Eighteenth  Annual  Report,  Part  lY,  on  page  212, 
The  measurements  of  discnarge  have  been  carried  on  at  this  and  neigh- 
boring stations  by  Mr.  W.  G.  Russell.  The  following  table  gives  the 
results  of  the  computations  for  1898,  and  lig.  115  below  shows  graph- 
ically the  fluctuations  of  the  stream  for  the  years  during  which  the 
station  has  been  maintained. 

Estimated  monthly  discharge  of  Smoky  Hill  River  at  Ellsworth,  Kansas. 

[Drainage  area,  7,  980  square  miles.] 


Month. 


1898. 

January' 

February  . 

March 

April 

May 

June 

J"ly 

August  - . . . 
September 

October 

November  . 
December  . 


Discharge  iu  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

70 

18 

36 

95 

21 

47 

32 

16 

24 

37 

15 

20 

1,  000 

32 

136 

717 

78 

281 

78 

18 

43 

105 

15 

25 

763 

14 

131 

55 

18 

30 

42 

18 

19 

147 

24 

53 

1,  000 

14 

70 

Total  in  acre- 
feet. 


2,214 
2,610 
1,476 
1,190 
8,362 
16,  721 
2,644 
1,537 
7,795 
1,845 
1,131 
3,259 


50,  784 


Run-oif. 


Depth  in 
inches. 


0.005 
0.006 
0.  003 
0.003 
0.020 
0.039 
0.006 
0.004 
0.  018 
0.004 
0.003 
0.007 


0.118 


Second- 
feet  per 
square 
mile. 


0.005 
0.006 
0.003 
0.003 
0.017 
0.035 
0.005 
0.003 
0.016 
0.004 
0.002 
0.006 


0.009 


Note.— Gage  heights  for  1898  are  given  in  Water- Supply  and  Irrigation  Paper  No.  27,  page  93; 
measurements,  page  95;  rating  table,  page  96;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  114,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  346. 
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Fig.  115.— Discharge  of  Smoky  Hill  River  at  Ellsworth,  Kansas,  1895-1898. 
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SALINE    RIVER. 

Estimated  monthly  discharge  of  Saline  River  at  Salina,  Kansas. 
[Drainage  area,  3,311  square  miles.] 


Month. 


1898. 

January 

February 

March 

April 

May 

June 

July 

August 

September  .  . 

October 

November  . . . 
December  . . . 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

82 

40 

57 

94 

34 

50 

46 

24 

37 

60 

24 

35 

1,  095 

34 

109 

1,100 

72 

271 

421 

22 

86 

32 

7 

20 

970 

6 

121 

52 

22 

35 

40 

15 

25 

690 

29 

144 

1,100 

6 

83 

Total  in  acre- 
feet. 


3,505 
2,777 
2,275 
2,083 
6,702 
16, 126 
5,288 
1,230 
7,440 
2,152 
1,488 
8,854 


Run-oflf. 


Depth  in 
inches. 


59,  920 


0.02 
0.02 
0.01 
0.01 
0.04 
0.09 
0.03 
0.01 
0.04 
0.01 
0.01 
0.04 


0.33 


Second- 
feet  per 
square 
mile. 


0.02 
0.02 
0.01 
0.01 
0.03 
0.08 
0.03 
0.01 
0.04 
0.01 
0.01 
0.04 


0.03 


Note. — Gage  heights  for  1898  are  given  in  TVater-Supply  and  Irrigation  Paper  No.  27,  page  93; 
measurements,  page  95 ;  rating  table,  page  96 ;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper 
No.  16,  page  113,  and  in  the  Nineteenth  Annual  Report,  Part  1 Y,  page  343. 
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Fig.  116.— Discharge  of  Saline  River  at  Salina,  Kansas,  1898. 
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REPUBLICAN   RIVER. 

Estimated  monthly  discharge  of  Repuhlican  River  at  Superior,  Nebraska. 

[Drainage  area,  22,347  square  miles.] 


Month. 


1898. 

April  20-30 1  2,130 

]V[ay 

June 

July 

August  

September 

October 

November  1-19  . . . 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

2,130 

490 

.  755 

1,870 

500 

1,053 

2,300 

560 

1,  235 

1,345 

220 

479 

380 

100 

195    : 

470 

185 

289 

365 

145 

264 

470 

320 

382 

Total  in  acre- 
feet. 


44,  926 
64,  747 
73,  487 
29,  453 
11,  990 
17, 197 
16,  233 
22, 731 


Run-off. 


Depth  in 
inches. 


0.03 
0.06 
0.07 
0.02 
0.01 
0.01 
0.01 
0.02 


Second- 
foot  per 
square 
mile. 


0.03 
0.05 
0.06 
0.02 
0.01 
0.01 
0.01 
0.02 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  91; 
measurements,  page  95;  results  for  1897  in  "Water  Supply  and  Irrigation  Paper  'No.  16,  page  107,  and 
in  the  Nineteenth  Annual  Report,  Part  IV,  page  338. 
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Fig.  117.— Discharge  of  Republican  River  at  Superior,  Nebraska,  1898. 
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Estimated  monthly  discharge  of  JiepiihUcan  Eiver  at  Junction  City,  Kansas. 

[Drainage  area,  25,837  square  miles.] 


Month, 


1898. 

January 

February  . . . 

March 

April 

May 

June  -. 

July 

August 

September  .. 

October 

November  . . . 
December  . . . 


The  year 


Discbarge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

900 

475 

732 

1,895 

645 

1,034 

825 

475 

656 

1,310 

590 

804 

7,175 

862 

2,126 

6,165 

700 

2,125 

645 

210 

429 

252 

69 

142 

325 

69 

155 

252 

124 

190 

475 

210 

310 

645 

325 

403 

7,175 

69 

759 

Total  in  acre- 
feet. 


45,  009 

57,  425 

40,  336 

47, 841 

130,  723 

126,  446 

26,  378 

8,732 

9,223 

11,  683 

18,  446 

24,  780 


547,  022 


Run -off. 


Depth  in 
inches. 


0.03 
0.04 
0.03 
0.03 
0.09 
0.09 
0.02 
0.01 
0.01 
0.01 
0.01 
0.02 


0.39 


Second- 
foot  per 
square 
mile. 


0.03 
0.04 
0.03 
0.03 
0.08 
0.08 
0.02 
0.01 
0.01 
0.01 
0.01 
0.02 


0.03 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  27,  page  92; 
measurements,  page  95;  rating  table,  page  96 ;  results  for  1897  in  TVater-Supply  and  Irrigation  Paper 
No.  16,  page  109,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  339. 
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Fig.  118. — Discharge  of  Republican  River  at  Junction  City,  Kansas,  1898. 
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BLUE    RIVER. 

Estimated  monthly  discharge  of  Blue  Elver  at  Manhattan,  Kansas. 

[Drainage  area,  9,490  square  miles.] 


Month. 


Discharore  in  second-feet. 


Maxi- 
mum. 


1898 

January 830 

February 5,319 

March 1,050 

April 3,335 

May 8,548 

June 10,  774 

I 

July 1,333 

August I  610 

September 665 

October 637 

November '. 555 

December 775 


The  year 


10,  774 


Mini- 
mum. 


555 
500 
527 
610 
1,522 
1,081 
500 
230 
230 
207 
342 
432 


207 


Mean. 


732 

2,078 

765 

1,485 

3,  491 

4,496 

740 

454 

377 

360 

443 

615 


1,336 


Total  in  acre- 
feet. 


45,  009 

115,  406 

47,  028 

88,  363 

214,  653 

267,  530 

45,  501 

27,  916 

22,  433 

22, 136 

26,  361 

37,  815 


960, 151 


Run-off. 


Depth  in 
inches. 


0.08 
0.23 
0.09 
0.18 
0.43 
0.53 
0.09 
0.06 
0.04 
0.04 
0.06 
0.07 


1.90 


Second- 
foot  per 
square 
mile. 


0.08 
0.22 
0.08 
0.16 
0.37 
0.47 
0.08 
0.05 
0.04 
0.04 
0.05 
0.06 


0.14 


Note. — Gage  heights  for  1898  are  given  in  Water  Supply  and  Irrigation  Paper  No.  27,  page  94; 
measurements,  page  95,  and  rating  table,  page  96;  results  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  115,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  347. 
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EiG.  119.— Discharge  of  Blue  Iliver  at  Manhattan,  Kansas,  1895-1898. 
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KANSAS   RIVER   AT   LAWRENCE. 

The  Kansas  River  above  Lawrence  meanders  through  the  bottom 
land,  crossing  and  recrossing  it,  but  as  a  rule  being  closer  to  the  south- 
ern border  than  the  northern.  This  bottom,  which  includes  all  lands 
adjacent  to  the  river  and  not  more  than  20  feet  above  it,  is  mainly  allu- 
vial and  varies  in  width  from  one-half  to  4  miles.  The  bed  of  the 
river  is  mainly  sandy,  though  in  a  few  places  it  is  rocky.  At  Lawrence 
and  other  places  this  sand  is  used  for  building  purposes.  The  banks 
are,  as  a  rule,  not  more  than  8  or  10  feet  high,  except  where  the  river 
runs  in  near  the  bluffs,  where  they  are  30  to  40  feet  high.  At  low 
stage  of  river  the  width  is  usually  not  more  than  one-half  or  one-fourth 
that  at  high  water.  For  example,  at  the  Lecompton  gaging  station, 
shown  on  PI.  XXIX,  A,  on  lN"ovember  19, 1898,  the  width  of  the  stream 
was  219  feet,  the  greatest  depth  4.8  feet,  and  the  discharge  was  954 
second-feet.  Although  the  river  has  a  fall  of  about  329  feet,  only  9  feet 
of  this  is  utilized  for  power.  The  view  on  PL  XXIX,  B^  shows  the  dam 
at  Lawrence,  the  only  one  on  the  river.  Reference  should  be  made  to 
the  description  of  this  dam  in  Vol.  XYII  of  the  Tenth  Census,  Part 
II,  p.  58. 

The  following  table  is  condensed  from  the  results  of  a  chemical  anal- 
ysis made  under  the  direction  of  Dr.  Edward  Barton,  of  the  Kansas 
University.  The  samples  were  taken  about  12  feet  from  the  south 
bank  of  the  river  and  from  12  to  15  inches  below  the  surface  at  the 
gaging  station  at  Lawrence,  Kansas.  In  the  diagram  (fig.  120)  are 
plotted  the  solids  carried  in  the  river  at  this  particular  place  for  differ- 
ent gage  readings,  the  curve  A  B  showing  graphically  the  relation 
between  height  of  water  and  solid  matter  carried  by  river.  The  rating 
curve  0  D  for  this  station  is  also  shown  for  comparison. 
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Fig.  120. — Relation  of  g;age  height  to  solids  carried  in  suspension   by  Kansas  River  at  Lawrence, 

Kansas. 
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Besults  of  analyses  of  Kansas  River  water  at  gaging  station,  Lawrence,  Kansas,  expressed 

in  parts  per  million. 


Date  collected. 


1898. 
Feb.   4 

11 

18 

25 

Mar.    5 

11  .... 

18..-. 

25  - .  - . 


Apr.  1  - 
8. 

15- 

22. 

29- 
May    6.. 

13-. 

16.- 

June  10. 

17. 

24. 
July    1  - 

15  . 
Aug.    1  . 

14. 

June  10. 

17. 

24. 

July   1-. 

15-. 
Aug.    1  . 

14. 


Gage 
read- 
ing. 


0.0 
1.1 
1.4 
.8 
.6 
.6 
1.0 
.9 
.6 
1.0 
1.0 
1.8 
1.2 
2.7 
1.7 
5.1 
5.4 
3.7 
2.4 
1.4 
1.0 
0.5 
0.2 
5.4 
3.7 
2.4 
1.4 
1.0 
0.5 
0.2 


Total 

solids. 


644 

736 

1,410 

607 

844 

574 

566 

656 

706 

744 

446 

3,080 

750 

2,426 

868 

7,348 

7, 132 

3,248 

1,058 

618 

528 

536 

642 

f»286 

?>230 

h2M 

&392 

&456 

?>490 

Z>508 


Free  am- 
monia. 


0.  0192 
0. 1710 
0.  4000 
n. 2532 
0. 0666 
0. 0066 
0. 0200 
0. 0360 
0.  0600 
0. 0850 
0.  0390 
0.3100 
0.1250 
0.  3400 
0. 1100 
0. 6600 
0. 20OO 
0. 2800 
0. 1500 
0. 1700 
0. 2450 
0. 0540 
0. 0480 
0. 1710 
0. 1040 
0. 1260 
0. 0990 
0. 0200 
0. 0530 
0. 0420 


Albumi- 
noid am- 
monia. 


0. 0945 
0. 6120 
2.  2900 
0. 9300 
0.3120 
0. 2990 
0. 5100 
0.  7000 
0.  5600 
0. 6450 
0. 5960 
5.  9900 
0. 8950 
4. 8100 
1. 1100 
10. 2900 
15.0100 
4. 7200 
1. 2800 
0. 9200 
1. 0000 
0. 5300 
0. 3720 
0. 1335 
0. 2870 
0. 2600 
0. 2450 
0. 5000 
0. 2400 
0. 2390 


Nitrates. 


0. 3345 
0. 2086 
1.0705 
0. 4503 
0. 4393 
0. 3239 
0. 2306 
0. 6382 
0.  2865 
0. 2430 
0. 3790 
0. 1500 
0. 3705 

(a) 
0. 0244 


Nitrites. 


0 
Trace. 

(a) 


0 
0. 0002 
Trace. 


0. 1811 


0. 0579 
1. 5603 
0.  0584 
0. 1659 

(a) 
0. 3261 


0. 3222 
0. 3950 
0. 0077 
0. 0001 


0. 0250 


0.  0080 

0 

0 

0. 0004 

0. 0250 

(a) 


0. 0080 
0. 0003 
0. 0000 
0. 0004 


Chlorine. 


114.0 
86.0 
41.0 
69.0 
69.0 
77.0 
67.0 
58.0 
67.3 
59.0 
56.0 
37.0 
40.0 
41.0 
26.0 
18.7 
13.2 

9.6 
19.0 
18.0 
46.0 
56.0 
82.0 
13.2 

9.0 
19,0 
18.0 
45.0 
56.0 
82.0 


Hard- 
ness. 


(a) 


215 
220 
230 
240 
230 
205 
170 
210 


204 


166 
214 
140 
120 
120 
{a) 


162.  6 
220.0 
125.0 
120.0 
120.0 


a  Not  determined. 


b  Tliese  samples  were  passed  through  a  paper  filter. 


Measurements  at  Lawrence  have  been  made  by  Prof.  E.  0.  Murpliy, 
of  the  State  University,  who  has  also  carried  on  work  at  Liberty  on 
Verdigris  Kiver  and  at  lola  on  Neosho  Eiver,  as  described  on  later 
pages.  The  conditions  at  the  dam  at  Lawrence  have  not  been  found 
favorable  for  accuracy  of  results,  and  observations  have  been  trans- 
ferred to  the  bridge  at  Lecompton,  11  miles  up  the  river.  The  results 
obtained  at  Lawrence  are  shown  in  the  table  on  the  next  page,  and 
grax)hically  for  the  years  1896  to  1898,  inclusive,  in  fig.  121. 
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Estimated  monthly  discharge  of  Kansas  River  at  Laivrence,  Kansas. 

[Drainage  area,  59,841  square  miles.] 


Month. 


1898. 

January 

February  

March 

April 

May .- 

June 

July 

August 

September 

October 

November 

December 

The  year 


Dischai 

L-ge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

1,  255 

863 

1,125 

6,490 

692 

2,700 

6,490 

1,643 

2,412 

6,490 

1,643 

3,497 

26,  235 

5,207 

14,  555 

28,  990 

4,803 

13,  684 

4,803 

1,255 

2,  570 

2,395 

692 

1,008 

2,687 

692 

1,397 

1, 177 

592 

825 

1,032 

517 

746 

4,035 

507 

1,448 

28,  990 

507 

3,831 

Total  in  acre- 
feet. 


69, 174 

149,  950 

148,  309 

208,  085 

894.  958 

814,  253 

158,024 

61,  980 

83, 127 

50,  728 

44,  390 

89,  035 


2,  772,  013 


Run-off. 


Depth  in 
inches. 


0.02 
0.05 
0.04 
0.07 
0.28 
0.26 
0.05 
0.02 
0.03 
0.02 
0.01 
0.02 


0.87 


Second- 
feet  ])er 
square 
mile. 


0.02 
0.05 
0.04 
0.06 
0.24 
0.23 
0.04 
0.02 
0.02 
O.Ol 
0.01 
0.02 


0.06 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  27,  page  94; 
measurements,  page  96;  rating  table,  page  96;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper 
No.  16,  page  116,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  349. 


Sec.-ft. 

24, 000 
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20,  000 
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0 

24, 000 

22, 000 
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16, 000 

14, 000 

12,  000 

10,  000 

8,000 

6,000 

4,000 

2,000 

0 


f^pmnnr-     ipipir»-*Tr 


•»w  "v  ^rwr^fmwmm 


Fia.  121. — Discharge  of  Kansas  liiver  at  Lawrence,  Kansas,  1895-98. 
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arka:n^sas  river  drainage. 

Arkansas  River,  rising  in  the  vicinity  of  Leadville,  Colorado,  flows 
southerly  and  then,  turning  abruptly  eastward,  passes  out  through  the 
Rocky  Mountain  front  and  continues  across  Colorado  into  Kansas, 
where,  at  about  the  middle  of  the  State,  it  makes  a  great  bend,  swing- 
ing to  the  southward,  and  passes  into  Indian  Territory  and  from  there 
flows  through  the  State  of  Arkansas,  entering  the  Mississippi  River 
about  25  miles,  in  a  straight  line,  north  of  Greenville,  Mississippi.  The 
headwater  streams,  during  summer  at  least,  are  fully  used  in  irriga- 
tion, and  the  bed  of  the  stream  is  often  dry  from  a  point  above  the 
Kansas  line  through  the  State  of  Kansas.  In  time  of  flood  some 
water,  relatively  insignificant  in  amount,  is  contributed  to  the  main 
stream  from  the  Rocky  Mountain  area.  In  its  lower  reaches  in  the 
State  of  Arkansas  the  stream  is  navigable,  but  there  is  no  considerable 
transportation  by  water  above  Little  Rock,  although  in  times  of  flood 
small  vessels  are  reported  to  go  up  as  high  as  Fort  Smith.  So  far  as 
ascertained  no  form  of  river  transportation  has  ever  been  used  from 
Wichita  or  other  Kansas  towns,  and  at  Wichita  it  is  stated  that  there 
is  very  little  water  in  the  river  during  ten  months  of  the  year.  During 
most  years  there  is  no  water  visible  for  miles  west  of  the  mouth  of  the 
Little  Arkansas  River,  which  contributes  a  small  amount  at  this  point. 

ARKANSAS    RIVER. 

Measurements  of  the  amount  of  water  in  this  stream  have  been  made 
at  various  points  in  Colorado  and  in  Kansas,  the  results  of  which  are 
given  in  the  following  pages.  Seepage  measurements  have  also  been 
carried  on  by  Prof.  L.  G.  Carpenter  and  ofiflcials  connected  with  the 
State  engineer's  office,  the  results  being  of  great  practical  value  owing 
to  the  numerous  diversions  of  water  from  the  stream. 

Considerable  attention  is  being  i^aid  to  the  storage  of  water  upon  the 
Arkansas,  there  being  a  number  of  fine  sites.  The  Twin  Lakes  site 
was  described  in  the  Mneteenth  Annual  Report,  Part  lY,  page  352. 
Work  is  now  under  way  upon  the  dam  for  this  reservoir,  which  is 
expected  to  store  over  three  billions  of  cubic  feet  of  water,  to  be  used 
below  Pueblo. 

The  Great  Plains  Water  Company  also  is  at  work  upon  a  system  of 
enormous  reservoirs  in  the  vicinity  of  Lamar,  Colorado,  the  available 
capacity  claimed  being  over  seven  billions  of  cubic  feet. 

The  discharge  of  the  Arkansas  and  tributaries  in  1898  was  about  the 
normal,  few  crops  failing  for  lack  of  water,  although  at  times  a  short- 
age seemed  imminent.  Very  little  water  crossed  the  Colorado-Kansas 
line  during  the  year,  however. 

Owing  to  the  fact  that  the  entire  flow  of  the  stream  is  exhausted 
during  a  great  part  of  the  irrigation  season,  by  ditches  taking  water 
to  the  agricultural  lands,  a  number  of  stations  were  maintained  for  the 
purpose  of  assisting  in  studying  the  proV^lems  connected  with  the  water 
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supply  in  the  Arkansas,  and  to  aid  in  regulating  the  distribution  of 
water  tbrougliout  the  various  water  districts  of  the  State  of  Colorado 
lying  along  this  stream. 

Pueblo  station  was  maintained,  as  described  in  Water-Supply  and 
Irrigation  Paper  No.  IG,  page  120,  up  to  July  10,  1898,  at  which  time 
a  new  gage  rod  was  placed  at  the  south  end  of  the  Main  street  bridge. 
The  new  gage  rod  is  a  2  by  8  inch  timber  15  feet  long,  well  painted, 
and  bolted  to  the  masonry  wall  of  the  city  levee;  the  intervals  between 
the  spaces  are  0.104  feet.  This  change  became  necessary  owing  to  a 
change  in  the  channel  of  the  Santa  Fe  avenue  bridge,  leaving  the  old 
rod  high  and  dry,  and  the  present  location  being  better  on  account  of 
its  greater  convenience  for  the  water  commissioner,  who  is  provided 
with  a  rating  table  of  the  river  at  this  point,  and  this  being  also  the 
point  at  which  all  gagings  have  been  made.  The  station  is  a  most 
important  one,  being  to  a  great  extent  the  key  by  which  the  distribu- 
tion of  water  in  the  Lower  Arkansas  is  controlled.  In  making  up  the 
discharge  table  the  gage  heights  of  both  rods  are  used,  as  they  were 
practically  the  same.  The  observer  up  to  September  1 ,  1898,  was  Mr. 
R.  L.  Holden,  of  Pueblo.  Mr.  C.  W.  Reece,  water  commissioner  of 
Colorado  water  district  Eo.  14,  made  observations  after  July  10. 
Ratings  are  kept  up  throughout  the  year.  A  view  of  the  river  at 
Pueblo  is  given  in  PL  XXXI,  B. 

Nepesta  station  was  maintained,  as  described  in  Water-Supply  and 
Irrigation  Paper  No.  16,  page  121,  from  April  26  until  November  30, 
1898,  T.  F.  Hynes  and  S.  M.  Butts  acting  as  observers  during  that  time. 
The  bed  of  the  stream  is  sandy  and  shifting,  and  the  discharges  must 
be  accej^ted  as  approximate  only. 

Manzanola  station  was  established  September  29, 1897,  by  Mr.  Porter 
J.  Preston,  at  a  point  about  half  a  mile  north  from  Manzanola,  at  a 
wagon  bridge  across  the  river.  The  gage  rod  is  a  vertical  2  by  6  inch 
timber  2  feet  long,  with  a  1  by  6  inch  scale,  securely  wired  to  the  down- 
stream side  of  lower  right-hand  cylinder  of  wagon  bridge.  The  river 
is  curved  above  and  below,  and  the  channel  is  sandy  and  somewhat 
shifting,  though  subject  to  less  change  than  most  places  east  of  Pueblo. 
In  1898  observations  were  taken  from  May  18  to  October  22  by  Mr. 
M.  D.  Lyle,  ditch  rider  of  the  Catlin  Canal.  As  only  two  gagings  of 
the  stream  were  made  at  this  point  the  data  is  insufficient  for  a  rating 
table,  and  hence  none  is  given. 

Rockyford  station  was  maintained  as  described  in  Water- Supply  and 
Irrigation  Paper  No.  16,  page  122,  the  observer  being  Mr.  S.  W.  Cressy, 
as  heretofore.  A  rating  table  was  made  up  of  the  gagings  made  in 
1897  and  1898,  but  owing  to  there  being  so  few  the  rating  table  must 
be  considered  as  merely  approximate. 

Lamar  station  is  located  at  the  head  of  the  Amity  Canal,  7  miles 
west  of  Lamar,  Colorado.  The  canal  is  taken  out  on  the  north  side  of 
the  river  at  a  point  where  there  is  a  wooden  dam  extending  clear  across 
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the  stream.  The  dam  is  380  feet  long,  the  last  80  feet  of  the  crest  on 
the  south  side  being  14  inches  higher  than  the  remaining  300  feet, 
which  latter  is  4  feet  4  inches  above  the  floor  of  the  headgate.  The 
river  at  this  point  washes  against  a  sandstone  blulf  on  its  north  side, 
and  the  canal  is  taken  out  at  the  foot  of  the  bluff.  The  dam  renders 
the  river  channel  unvarying,  and,  taken  in  connection  with  the  canal, 
it  furnishes  an  excellent  place  for  obtaining  the  total  discharge  of  the 
river  at  this  point,  particularly  as  the  headgate  keeper  lives  upon  the 
spot.  During  the  past  year,  however,  reports  have  been  sent  in  for 
the  canal  alone,  no  record  being  kept  of  the  amount  i)assing  down  the 
river.  The  observer  is  Mr.  E.  E.  Bannister,  headgate  keeper  of  the 
Amity  Canal. 

Granada  station  is  located  at  the  headgate  of  the  Buffalo  Creek 
Canal,  2  miles  northeast  of  Granada.  The  equijiment  consists  of  a 
bridge  upon  the  headgate  of  the  canal,  there  being  an  earth  dam  across 
the  Arkansas  at  this  point.  This  dam  sometimes  breaks  during  high 
water,  however,  and  has  to  be  rej^aired,  thus  making  the  gage  readings 
of  no  great  value  except  as  showing  the  rise  and  fall  of  the  water. 

The  channel  is  straight  for  about  2,600  feet  above  and  for  about  800 
feet  below,  and  the  water  is  swift.  The  banks  are  high,  but  the  channel 
is  gravelly  and  liable  to  change. 

The  observer  is  Mr.  Ben  Eilev,  ditch  rider  of  the  Buffalo  Creek  ditch, 
who  takes  the  observations  once  each  day.  Ko  gagings  have  been 
made  at  this  point,  as  the  bed  of  the  stream  is  so  changeable  that  gag- 
ings would  be  of  but  little  value.  It  is  hoped  that  different  arrange- 
ments, giving  more  valuable  results,  can  be  made  during  the  next  year. 
Readings  were  taken  from  the  rod  from  July  24  to  iTovember  19,  1898, 
inclusive,  and  ranged  from  0.2  foot  to  1.6  feet,  but  owing  to  the  changes 
in  the  dam  at  different  times,  they  are  of  little  value  and  are  therefore 
not  given. 

PRECIPITATION   IN   THE   BASIN   OF   ARKANSAS   RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
Arkansas  River  are  at  Twin  Lakes,  Canyon  City,  Husted,  Pueblo, 
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Fig.  122. — Relative  location  of  river  and  rainfall  observations  in  basin  of  Arkansas  River. 
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Stamford,  Eockyford,  Hugo,  Las  Animas,  Lamar,  Dodge  City,  Hutch- 
inson, Cunningham,  McPherson,  Grenola,  and  Sedan.  The  relative 
location  of  these  points  is  shown  on  fig.  116,  in  connection  with  the 
river  measurements,  which  are  at  Twin  Lakes,  Salida,  Canyon,  Las 
Animas,  Pueblo,  Granite,  Nepesta,  Eockyford,  Trinidad,  and  Hutchin- 
son. The  following  table  gives  the  names  and  locations  of  the  stations, 
the  elevation,  and  time  of  beginning  of  the  record : 

Location  of  rain/all  stations. 


Station. 

County. 

State. 

Latitude. 

Longi- 
tude. 

Eleva- 
tion. 

Length  of 
record. 

Twin  Lakes 

Canyon  City 

Hustecl . 

Lake 

Colorado .. ' 

o     / 
39  04 

o      / 
106  20 

105  13 

104  49 

104  37 

105  00 
103  41 
103  27 
103  13 
102  38 
100  00 

97  55 

98  24 
97  40 
96  26 
96  11 

9,012 
5,363 
6,596 
5,734 
9,500 
4,177 
5,052 
3,892 
3,592 
2,512 
1,529 
1,700 
1,  488 
1,116 
836 

4-  8 

Fremont 

do 

38  27 

El  Paso 

do 

39  29 
38  18 

37  15 

38  04 

39  09 
38  04 
38  06 

37  45 

38  03 

37  39 

38  22 
37  26 
37  08 

10-12 
19-23 

8 
7-  9 

5-  7 
15 

6-  9 

Pueblo      

Pueblo 

do 

Stamford 

Rockyford 

Huaro   

Las  Animas  . .. 

do 

Otero 

do 

Lincoln  

do  .... 

Las  Animas 

Lamar 

Bent 

do  .... 

Prowers 

do  .... 

Dodge  City 

Hutchinson 

Cunningham 

McPherson 

Grenola 

Sedan  

Ford 

Kansas 

do  .... 

Reno 

6-  8 

14 

10-12 

14-15 

11-13 

Kingman 

do  .... 

McPherson 

do  .. .. 

Elk 

do 

Chautauqua. .. 

do 

In  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation  by  months  for 
the  years  1896, 1897,  and  1898,  and  also  the  amount  by  years. 

In  obtaining  the  normal  precipitation  the  average  is  taken  for  all  of 
the  months  during  which  observations  were  made. 
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Rainfall  at  stations  in  drainage  basin  of  Arkansas  River. 

TWIN  LAKES. 


Year. 


Normal 

1896 

1897 

1898.... 


Jan. 


1.33 
4.80 
0.79 


Feb. 


Mar. 


1.38  1.01 
0.98  1.47 
3.40     1.38 


Apr. 

May 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.04 
1.09 

1.23 
1.25 

0.42 

2.52 

1.31 
1.05 
1.52 

0.89 
1.50 
1.14 

0.98 
0.48 
1.62 

1.03 
2.43 
0.73 

1.44 
0.42 
0.45 

0.97 

1.00 

Annual. 


14.58 


Mcpherson. 


Normal 
1896.... 
1897.... 
1898.... 

Normal 
1896.... 
1897.... 
1898.... 

Normal 
1896.... 
1897.... 
1898.... 

Normal 
1896.... 
1897.... 
1898.... 

Normal 
1896.... 
1897.... 
1898..-. 


0.82 

1.15 

1.47 

2.11 

5.25 

6.09 

4.59 

3.17 

2.54 

2.73 

0.89 

0.99 

0.59 

0.25 

0.51 

2.57 

2.77 

8.38 

8.59 

2.24 

3.57 

3.99 

1.10 

0.62 

1.16 

1.40 

1.90 

4.13 

2.92 

3.22 

7.13 

2.57 

1.58 

1.99 

0.08 

0.19 

1.77 

1.06 

1.48 

6.16 

6.34 

5.90 

2.53 

2.50 

3.75 

2.33 

1.13 

2.37 

31.80 
32.48 
28.27 
37.38 


GRENOLA. 


1.41 

1.30 

1.82 

3.81 

3.37 

4.31 

3.71 

3.68 

3.52 

2.60 

1.34 

1.41 

0.35 

T. 

0.90 

1.65 

1.75 

5.30 

5.50 

0.10 

3.10 

4.45 

2.25 

0.35 

0.95 

0.90 

3.53 

5.77 

1.56 

2.98 

4.62 

3.30 

1.09 

1.42 

0.21 

1.15 

3.34 

2.32 

2.08 

2.26 

6.22 

5.70 

6.21 

3.01 

3.77 

2.93 

1.50 

1.89 

32.28 
25.70 
27.48 
41.23 


SEDAN. 


1.24 

1.38 

2.24 

3.68 

4.80 

3.92 

3.14 

3.05 

3.64 

2.18 

1.46 

1.79 

0.54 

0.25 

1.55 

1.98 

5.51 

5.84 

4.54 

0.72 

3.48 

3.67 

2.12 

0.68 

2.10 

1.07 

4.07 

5.15 

1.84 

3.79 

4.06 

3.43 

1.52 

1.97 

0.19 

0.94 

4.97 

2.06 

2.81 

1.40 

5.62 

5.49 

5.83 

3.23 

5.66 

2.25 

0.84 

2.49 

32.52 
30.88 
30.13 
42.65 


CANON  CITY. 


0.50 

0.70 

0.74 

1.34 

1.83 

0.79 

2.21 

1.75 

0.49 

0.84 

0.39 

0.44 

0.14 

0.26 

1.14 

0.63 

1.06 

0.23 

2.95 

2.91 

1.62 

0.55 

0.44 

0.03 

0.08 

0.97 

0.36 

0.75 

1.12 

1.59 

1.55 

2.04 

0.86 

1.22 

0.20 

0.39 

0.56 

0.39 

0.71 

0.91 

2.89 

1.07 

1.83 

0.80 

0.27 

0.82 

0.15 

1.05 

12.02 
11.96 
11. 13 
11.45 


HUSTED. 


0.29 

0.33 

1.01 

1.63 

2.53 

1.68 

3.04 

2.43 

0.64 

1.08 

0.34 

0.36 

0.43 

0.37 

2.25 

1.96 

1.25 

0.94 

3.80 

3.08 

2.59 

0.86 

0.20 

0.27 

0.43 

0.96 

2.06 

l.CO 

1.23 

1.70 

3.00 

1.81 

0.70 

1.45 

0.33 

0.26 

0.28 

0.15 

0.31 

1.77 

5.34 

2.71 

2.81 

1.37 

0.49 

0.63 

0.49 

0.50 

15.36 
18.00 
15.53 
16.85 


PUEBLO. 


Normal 
1896.... 
1897.... 

Normal 
1896.... 
1897.... 
1898.... 


0.42 

0.62 

0.54 

L28 

1.62 

L25 

2.15 

1.72 

L03 

0.59 

0.61 

0.49 

0.41 

0.31 

0.89 

0.57 

1.13 

0.35 

2.08 

1.98 

1.41 

0.71 

0.34 

0.63 

0.55 

L47 

0.32 

0.24 

1.93 

2.13 

L45 

2.14 

0.77 

L22 

0.10 

0.39 

12.32 
10.81 
12.71 


STAMFORD. 


1.26 

2.58 

2.11 

2.53 

2.39 

1.29 

3.14 

2.86 

0.97 

1.61 

1.28 

2.68 

1.40 

0.70 

1.48 

5.50 

0.80 

1.60 

4.30 

2.20 

0.80 

1.80 

0.95 

2.50 

L25 

5.75 

1.40 

2.60 

3.05 

2.21 

2.28 

3.13 

3.39 

4.30 

0.40 

2.00 

0.91 

1.83 

1.40 

3.99 

2.52 

2.61 

4.71 

3.03 

1.45 

2.28 

0.99 

1.59 

24.70 
24.00 
31.76 
27.31 
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Rainfall  at  stations  in  drainage  hasin  of  Arkansas  River — Continued. 

ROCKYFORD. 


Year. 


!N"orinal 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

0.97 
0.55 
0.44 
1.06 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.46 
0.32 
0.75 
0.40 

0.32 
0.18 
0.37 
0.00 

0.56 
0.41 
0.20 
0.16 

1.92 
1.12 

0.81 
0.47 

3.31 

2.07 

1.25 
0.47 
0.73 
0.92 

0.72 
1.85 
0.79 
1.55 

0.86 
1.60 
2.64 
1.36 

0.24 
0.00 
0.19 
0.37 

0.57 
0.70 
1.06 
0.83 

2.71 

3.16 

3.52 

Annual. 

11.99 
9.74 

16.04 


HUGO. 


Normal . 

1896 

1897 

1898 


0.18 

0.28 

0.59 

0.78 

2.48 

1.48 

2.67 

2.71 

0.53 

0.32 

0.08 

0.32 

0.52 

0.-30 

1.25 

1.22 

1.05 

0.70 

3.42 

2.80 

0.65 

0.57 

0.02 

0.28 

0.14 

(0.  28) 

(0. 59) 

0.49 

0.70 

1.68 

1.35 

6.21 

0.42 

0.96 

T. 

0.22 

T. 

0.00 

0.45 

1.24 

4.75 

1.10 

2.90 

2.07 

1.50 

0.50 

T. 

0.35 

LAS  ANIMAS. 


12.  42 
12.78 
13.04 
14.86 


Normal 

1896 

1897.... 
1898 


0,29 

0.37 

0.78 

1.09 

1.81 

1.37 

1.60 

1.60 

0.61 

0.61 

0.17 

0.61 

0.25 

0.23 

0.50 

1.60 

2.45 

0.60 

1.30 

0.30 

2.45 

1.43 

0.00 

0.70 

0.45 

0.46 

3.60 

0.85 

0.80 

1.26 

1.20 

1.60 

0.90 

2.57 

0.00 

0.20 

0.40 

0.00 

0.40 

1.17 

2.52 

2.45 

2.90 

2.40 

1.70 

1.30 

T. 

0.39 

10.91 
11.81 
13.89 
15.63 


LAMAR. 


Normal , 

1896 

1897 

1898 


0.18 

0.22 

1.24 

1.19 

1.79 

L92 

2.95 

L78 

1.08 

0.92 

0.16 

0.53 

0.55 
LOO 

2.57 
2.87 

1.69 
1.61 

0.48 
4.86 

2.53 
0.51 

0.87 
2.86 

0.00 
0.04 

0.65 
0.14 

0.06 

0.34 

0.38 

0.45 

0.92 

0.00 

1.06 

1.38 

3.47 

3.67 

L52 

0.91 

1.60 

L55 

0.46 

1.30 

13.96 

15.12 
17.84 


DODGE  CITY. 


Normal . 

1896 

1897.... 


0.48 

0.71 

0.91 

L83 

3.04 

3.24 

3.25 

2.79 

1.30 

1.35 

0.47 

0.61 

0.49 

T. 

0.25 

5.50 

LI3 

L98 

5.41 

0-73 

L06 

2.45 

0.34 

0.53 

L44 

2.38 

0.26 

3.21 

1.49 

2.31 

3.91 

3.06 

0.60 

2.66 

0.06 

0.20 

19.98 
19.87 
2L58 


HUTCHINSON. 


Normal . 

1896 

1897 

1898 


0.71 
0.72 
0.95 
1.47 

L31 
0.34 
L20 
0.50 

L41 
1.15 
1.08 
L81 

L76 
2.97 
3.19 
6.40 

2.42 
2.06 
2.98 
3.88 

4.78 
6.51 
1.18 
5.93 

4.62 
6.72 
3.43 
3.20 

1.77 
0.85 
1.12 
5.49 

2.72 
6.44 

2.43 
4.45 

0.68 
L70 

L21 
0.53 
1.17 
2.59 

3.46 

L91 

L12 

25.82 
34.44 

37.76 


CUNNINGHAM. 


Normal 

1896 

1897.... 
1898.... 


0.8 

0.8 

1.2 

2.6 

2.6 

4.3 

3.4 

2.8 

L7 

1.9 

0.6 

0.7 

0.71 

0.12 

0.33 

L68 

L27 

6.11 

5.11 

0.08 

3.17 

2.12 

1.61 

0.38 

0.65 

0.45 

L21 

4.36 

2.04 

1.69 

2.93 

3.96 

2.19 

1.42 

0.06 

0.55 

1.08 

0.84 

0.54 

4.52 

6.85 

6.55 

3.45 

2.27 

2.11 

1.40 

0.48 

2.00 

23.40 
22.69 
21.51 
32.09 


AVERAGES. 


Normal 

1896 

1897.... 
1898.... 


0.69 

0.90 

L18 

L84 

2.61 

2.51 

3.09 

2.31 

L49 

1.40 

0.65 

0.94 

0.83 

0.31 

L61 

2.18 

1.68 

2.97 

4.11 

L33 

2.41 

2.00 

0.90 

0.62 

0.78 

L51 

L55 

2.29 

1.74 

2.11 

2.82 

2.77 

L18 

2.02 

0.19 

0.62 

19.61 
20.95 
19.58 
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Depth  of  run-off,  in  inches,  from  Arkansas  drainage  basin, 
ARKANSAS  AT   GRANITE. 


Tear. 


1897. 
1898. 


Average . 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


3.01 


3.01 


June. 


3.83 


3.83 


July. 


1.95 


1.95 


Aug. 


0.94 
0.31 


0.63 


Sept. 


Oct. 


0.45 
0.12 


0.29 


0.31 


0.31 


Nov. 


(0. 30) 


(0.30) 


Dec. 


(0.  31) 


(0.  31) 


Annual. 


ARKANSAS  AT  SALIDA. 


1895. 
1896. 
1897. 
1898. 


0.71 


1.53 


1.54 


1.15 


0.85 


0.53 


0.39 


1.64 


1.77 


0.98 


0.52 
0.28 


0.38 
0.19 


0.29 
0.22 


0.29 
0.26 


0.30 


Average . 


0.71 


1.59 


1.66 


1.07 


0.55 


0.37 


0.30 


0.28 


0.30 


ARKANSAS  AT  CANTON  CITY. 


1895. 
1896. 
1897. 
1898. 


Average . 


0.13 

0.13 

0.17 

0.31 

0.56 

0.69 

0.53 

0.41 

0.23 

0.20 

0.18 

0.17 

0.17 

0.15 

0.17 

0.20 

0.48 

0-35 

0.21 

0.15 

0.11 

0.10 

0.10 

0.22 

0.14 

0.12 

0.14 

0.11 

0.66 

0.90 

0.41 

0.21 

0.13 

0.17 

0.19 

0.15 

(0. 10) 

(0.11) 

(0.13) 

(0. 14) 

0.35 

0.88 
0.71 

0.60 

0.13 

0.07 

0.08 

0.11 

0.13 

0.14 

0.13 

0.15 

0.19 

0.49 

0.44 

0.23 

0.14 

0.14 

0.15 

0.17 

3.71 
2.41 
.3.33 
2.83 

3.08 


ARKANSAS  AT  PUEBLO. 


1894 
1895 
1896 
1897 
1898 


0.03 
0.12 
0.08 
0.07 
0.03 

0.10 
0.14 
0.07 
0.10 
0.05 

0.10 
0.13 
0.08 
0.12 
0.07 

0.09 
0.12 
0.08 
0.09 
0.08 

0.12 
0.13 
0.08 
0.07 

0.11 
0.11 
0.07 
0.08 

0.09 
0.10 
0.06 
0.07 

0.18 
0.11 
6.06 
0.08 

0.39 
0.28 
0.41 
0.18 

0.53 
0.21 
0.54 
0.48 

0.47 
0.16 
0.26 
0.35 

0.32 
0.13 
0.12 
0.07 

••........ 

Average . 

0.10 

0.09 

0.08 

0.11 

0.32 

0.44 

0.31 

0.16 

0.06 

0.09 

0.10 

0.09 

2.72 
1.54 
1.98 
1.61 

1.96 


ROCKYFORD. 


1897. 
1898. 


Average 


0.01 


0.01 


0.01 


0.01 


0.03      0.02 


0.  03      0. 02 


0.12 
0.13 


0.13 


0.18 
0.20 


0.19 


0.06 
0.13 

0.10 


0.06  10.004    0.015 


0.03 


0.05 


0.02 


0.03 


0.03 


0.09 


0.  016 
0.05 


0.11 


0.005 
0.02 


0.04 


0.68 


0.81 


ARKANSAS  AT  HUTCHINSON. 


1895. 
1896. 
1897. 
1898. 


0.001 
0.002 
0.  008 
0.013 

0.03 
0.005 
0.009 
0.051 

0.13 

0.009 
0.002 
0.019 

0.013 

0.09 
0.002 
0.010 
0.003 

0.012 
0.001 
0.002 
0.002 

0.002 
0.002 
0.001 
0.001 

0.001 
0.003 
0.001 
0.001 

0.002 
0.002 
0.001 
0.004 

0.014 
0.004 
0.011 

0.011 
0.016 
0.014 

0.005 
0.008 
0.004 

0.004 
0.008 
0.004 

0.  005 

Average . 

0.010 

0.014 

0.006 

0.006 

0.017 

0.006 

0.004 

0.002 

0.002 

0.002 

0.060 
0.070 
0.127 

0.087 


PURGATOIRE  AT  TRINIDAD. 


1896. 
1897. 
1898. 


Average . 


0.06 


0.07 


0.06     0.07 


0.08 


0.08 


0.24 


0.24 


0.10 
1.14 
0.41 


0.55 


0.09 
0.60 
0.57 


0.42 


0.53 
0.39 
0.40 


0.44 


0.12 
0.44 
0.28 


0.28 


0.11 
0.14 
0.26 


0.17 


0.12 
0.09 
0.06 


0.09 


0.06 
0.07 
0.06 


0.06 


0.06 
0.06 


0.06 


3.38 


2.52 
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Bain/all  and  run-off,  Arkansas  River  basin. 


Station. 

Normal. 

1896. 

1897. 

1898. 

1895. 

RAINFALL. 

14.58 

12.02 
15.36 
12.32 
24.70 
11.99 
12.42 
10.91 
13.96 
19.98 
25.82 
23.40 
31.80 
32.28 
32.52 

11.96 
18.00 
10.81 
24.00 
9.74 
12.78 
11.81 

19.87 
34.44 
22.69 
32.48 
25.70 
30.88 

15.32 
11.13 
15.53 
12.71 
31.76 
0.00 
13.04 
13.89 
15.12 
21.58 

21.51 

28.27 
27.48 
30.13 

(^nilvOTl  Oitv                                .          .... 

11.45 
16.85 

FTllRtiftfl                                                ....  .... 

T^npl^lr*                                                                

Staniforfl                                    ... . 

27. 31     ' 

16.04 

14.86 

15.63 

17.84 

Tf  onkvford.                      . 

Tin  tro                                 ..    ......... 

Ai.  U  jjV^ — 

1  jH.h  Animas           .    ... ..- 

T .aiTiar                              ......  ...... 

Dodffe  Citv 

TTiitohiiison 

37.76 
32.09 
37.38 
41.23 
42.65 

d  11  Tin  i  n  P^li  ajtii                     ...-_-..-- 

McPhersoii                                  . .  . 

rTTftnolri                -                    ............ 

Sedan                               .^  ......  .... 

Average                                ... 

19.60 

20.40 

18.39 



25. 10 

RUN-OFF. 

Arkansas  at  Canyon  City 

Arkansas  at  Pueblo 

3.08 
1.96 

0.81 

0.087 

2.52 

2.41 
1.54 

3.33 
1.98 

2.83 
1.61 
0.68 
0.127 

3.71 
2.72 

Arkansas  at  Rockvford 

Arkansas  at  Hutchinson 

Pur2'atoire  at  Trinidad 

0.060 

0.070 

3.38 

A  veraare 

1.69 

1.34 

2.19 

1.31 

Percentage  of  rainfall 

8.62 

6.57 

11.91 

5.22 

Estimated  monthly  discharge  of  Arkansas  River  at  Granite,  Colorado. 

[Drainage  area,  425  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Runoff. 

Maxi- 
mum- 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1898. 

August 

Sentember 

151 
93 

75 

8 

113 
45 

6,948 
2,678 

0.31 
0.12 

0.27 
0.11 

Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  28,  page  110; 
measurements,  page  116;  rating  table,  page  117;  results  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  117,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  353. 
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Estimated  monthly  discharge  of  Arkansas  River  at  Salida,  Colorado. 

[Drainage  area,  1,160  square  miles.] 


Month. 


1898. 

August 

September  . 

October 

November . . 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

423 

169 

280 

314 

169 

199 

314 

100 

223 

314 

204 

267 

Total  in  acre- 
feet. 


17,  217 
11, 841 
13,  712 
15, 888 


Run-off'. 


Depth  in 
inches. 


0.28 
0.19 
0.22 
0.26 


Second- 
feet  per 
square 
mile. 


0.24 
0.17 
0.19 
0.23 


Note. — Gage  heights  for  1898  are  given  in  Water- Supply  and  Irrigation  Paper  No.  28,  page  110; 
measurements,  page  116;  rating  table,  page  117;  results  for  1897  in  "Water-Supply  and  Irrigation 
Paper  No.  16,  page  118,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  354  and  355. 

Estimated  monthly  discharge  of  Arkansas  River,  at  Canyon  City,  Colorado. 

[Drainage  area,  3,060  square  miles.] 


Month. 


1888. 

January 

February. .. 

March 

April 

IVIay 

June 

July 

August 

September  . 

October 

November  . . 
December  . . 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


1,570 
2,760 
1,870 
1,100 
850 


The  year 

1889. 

January 

February 

March 

April 

May 


438 
1,960 


1,280 

1,120 

850 

800 

430 


214 
324 


a  400 

a  500 

a  600 

a  1,000 

1,440 

2,090 

1,350 

932 

605 

a  500 

a  500 

a  400 


860 


a  300 

a  300 

a  300 

300 

600 


Total  in  acre- 
feet. 


a  24 

a  27 

a  36 

a  59 

88 

124 

83^ 

57 

35 

a  30 

a  29 

a  24 


623 


a  18 
a  16 

a  18 

36 


600 
750 
900 
500 
560 
355 
025 
318 
997 
750 
750 
600 


105 


450 
620 
450 
850 
900 


Run-off". 


Depth  in 
inches. 


a  0.15 

a  0.17 

a  0.22 

a  0.36 

0.54 

0.76 

0.51 

0.35 

0.22 

a  0.19 

a  0.18 

a  0.15 


3.80 


a  0.11 

a  0.10 

a  0.11 

0.11 

0.23 


Second- 
feet  per 
square 
mile. 


a  0.13 

a  0.16 

a  0.20 

a  0.33 

0.47 

0.68 

0.44 

0.30 

0.20 

a  0.16 

a  0.16 

a  0.13 


0.28 


a  0.10 

a  0.10 

a  0.10 

0.10 

0.20 


a  Approximate. 
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Estimated  monthly  discharge  of  Arkansas  River,  at  Canyon  City,  Colorado — Cont'd. 


Month. 


1889. 

June 

July 

August 

September 

October 

November 

December 

The  year 

1890. 

January 

February  

March 

April 

May 

June 

July 

August 

September  .  .•.. 

October 

November 

December 

The  year 

1891. 

January 

February  

March 

April 

May 

June 

July 

August 

September  . ..  . 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,010 
1,150 
2,620 
258 
284 
335 
438 


2,620 


494 

446 

391 

980 

3,270 

3,260 

2,132 

1,425 

625 

605 

555 

580 


3,270 


505 

580 

685 

1,600 

3,700 

4,230 

2,810 

1,925 

715 

825 

530 

605 


4,  230 


Mini- 
mum. 


1,002 
290 
243 
190 
190 
243 
274 


190 


180 
250 
180 
200 
841 
2,068 
920 
580 
455 
505 
480 
455 


180 


=  325 
365 
530 
580 
1, 340 
1,600 
770 
530 
345 
530 
430 
345 


325 


Mean. 


1,374 
602 
340 
220 
223 
299 
335 


4SS 


310 

363 

320 

477 

2,090 

2,611 

1,571 

670 

519 

531 

522 

502 


874 


431 

474 

586 

857 

2,012 

3,231 

1,468 

951 

473 

624 

498 

476 


1,012 


Total  in  acre- 
feet. 


81 
37 
20 
13 
13 
17 
20, 


313 


19 
20 
19 
28 
128 
155 
96 
41 
30 
32 
31 
30, 


634 


26 
26 
36 
50 
123 
195 
90 
58 
28 

38; 

29 
29 


733 


753 
023 
910 
090 
715 
790 
602 


153 


065 
146 
683 
381 
535 
354 
616 
205 
880 
656 
059 
873 


453 


506 
307 
039 
992 
738 
814 
282 
486 
143 
376 
631 
274 


588 


Eun-off. 


Depth  in 
inches. 


0.50 
0.23 
0.13 
0.08 
0.08 
0.11 
0.13 


1.92 


0.12 
0.12 
0.12 
0.17 
0.79 
0.95 
0.59 
0.25 
0.19 
0.20 
0.19 
0.19 


3.88 


0.16 
0.16 
0.22 
0.31 
0.76 
1.20 
0.55 
0.36 
0.17 
0.24 
0.18 
0.18 


4.49 


Second- 
feet  per 
square 
mile. 


0.45 
0.20 
0.11 
0.07 
0.07 
0.10 
0.11 

0.14 


0.10 
0.12 
0.10 
0.16 
0.68 
0.85 
0.51 
0.22 
0.17 
0.17 
0.17 
0.16 


0.28 


0.14 
0.15 
0.19 
0.28 
0.66 
1.07 
0.48 
0.31 
0.15 
0.20 
0.16 
0.16 


0.35 
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Estimated  monthly  discharge  of  ArTcansas  River,  at  Canyon  City,  Colorado — Cont'd. 


Month. 


1892. 
January  . . 
February  . 

March 

April 

May , 

June 

July 

August. 

September 

October 

November . 
December  . 


The  year 


1893. 

January 

February  .. 

March 

April 

May 

June 

Jniy 

August 

September  . 

October 

November.. 
December  . . 


The  year 


1894. 
January  . . . 
February  . . 

March 

April 

May 

June 

July 

August 


Discharge  in  second-feet. 


Maxi- 
mum. 


630 

555 

605 

715 

2,250 

4,750 

3,050 

1,425 

530 

605 

605 

630 


4,750 


580 

630 

885 

800 

3,210 

4,750 

2,810 

1,715 

810 


580 


4,750 


580 

510 

810 

1,080 

4,400 

4,400 

2,315 

810 


Mini- 
mum. 


345 
430 
430 
410 
685 
1,780 
1,060 
455 
365 
410 
455 
480 


345 


430 
455 
480 
480 
480 
1,875 
290 
200 
290 


390 


200 


390 
390 
340 
390 
990 
1,290 
730 
580 


Mean. 


496 

493 

524 

522 

1,241 

2,787 

1,798 

769 

435 

511 

527 

561 


889 


505 

533 

555 

568 

1,480 

3,115 

1,069 

563 

477 

a  500 

a  500 

428 


857 


445 

420 

505 

627 

1,960 

2,704 

1,393 

710 


Total  in  acre- 
feet. 


30,  504 
28,  347 
32,  226 

31,  059 
76,  322 

165,  826 
110, 577 
47,  293 
25,  882 
31,  426 
31,  356 
34,  502 


645,  320 


31,  058 

29,  582 
34, 133 

33,  796 
91,  020 

185,  343 
65,  731 

34,  617 
28,  384 

30,  744 
29,752 
26,  317 


620, 477 


27,  362 
23,  326 
31,  051 
37,  310 
120,  515 
160,  899 
85,  652 
43,  656 


Run-off. 


Depth  in 
inches. 


0.19 
0.17 
0.20 
0.19 
0.47 
1.01 
0.68 
0.29 
0.16 
0.19 
0.19 
0.21 


3.95 


0.19 

0.18 

0.21 

0.21 

0.56 

1.14 

0.40 

0.21 

0.18 

0.18' 

0.18 

0.16 

3.80 


0.17 
0.15 
0.18 
0.23 
0.74 
0.98 
0.52 
0.26 


Second- 
feet  per 
square 
mile. 


0.16 
0.16 
0.17 
0.17 
0.41 
0.91 
0.59 
0.25 
0.14 
0.  17 
0.17 
0.18 


0.29 


0.16 
0.17 
0.18 
0.19 
0.48 
1.02 
0.35 
0.18 
0.16 
0.16 
0.16 
0.14 


0.27 


0.15 
0.14 
0.16 
0.21 
0.64 
0.88 
0.45 
0.23 


a  Approximate. 
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Estimated  monthly  discharge  of  Arkansas  Biver,  at  Canyon  City,  Colorado — Cont'd. 


Month. 


1894. 

September 

October 

November 

December 

The  year 

1895. 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1896. 

January 

February  

March  

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second  feet. 


Maxi- 
mum. 


810 
450 
290 
340 


4,400 


398 

458 

584 

1,774 

2,404 

2,588 

2,224 

2, 143 

942 

827 

520 

520 


2,588 


489 

520 

942 

864 

2,775 

2,496 

1,988 

2,876 

520 

344 

344 

1,258 


2,876 


Mini- 
mum. 


390 
245 
245 
245 


245 


298 
298 
398 
458 
790 
1,308 
1,024 
790 
458 
398 
398 
256 


256 


428 
371 
344 
398 
650 
398 
235 
144 
192 
235 
124 
218 


124 


Mean. 


551 
294 
260 

268 


845 


344 

361 

471 

868 

1,506 

1,900 

1,413 

1,095 

635 

505 

499 

444 


837 


454 
438 
472 
558 
1,276 
959 
538 
395 
313 
285 
267 
579 


Total  in  acre- 

leet. 


544 


32,  786 
18,  077 

15,  471 

16,  479 


612,  584 


21, 149 
20,  049 

28,  960 
51,  650 
92,  600 

113,  058 
86,  882 
67,  328 
37,  786 
31,  051 

29,  693 
27,  301 


607,  507 


27,  915 
25, 194 
29,  022 

32,  965 
78,  458 
57,  065 

33,  080 
24,  287 
18,  625 
17,  524 
15,  888 
35,  601 


395,  624 


Eun-ofiF. 


Depth  in 
inches. 


0.20 
0.12 
0.09 
0.10 


3.74 


0.13 
0.13 
0.17 
0.31 
0.56 
0.69 
0.53 
0.41 
0.23 
0.20 
0.18 
0.17 


3.71 


0.17 
0.15 
0.17 
0.20 
0.48 
0.35 
0.21 
0.15 
0.11 
0.10 
0.10 
0.22 


2.41 


Stecond- 

feet  per 

square 

mile. 


0.18 
0.10 
0.08 
0.09 


0.28 


0,11 
0.12 
0.15 
0.28 
0.49 
0.62 
0.46 
0.36 
0.21 
0.17 
0.16 
0.15 


0.27 


0.15 
0.14 
0.15 
0.18 
0.42 
0.31 
0.18 
0.13 
0.10 
0.09 
0.09 
0.19 


0.18 
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Estimated  monthly  discharge  of  Arkansas  River,  at  Canyon  City,  Colorado — Cont'd. 


Month. 


1897. 

January  

February  .. 

March 

April   

May 

June 

July 

August 

September  . 

October 

November . . 
December  . . 


The  year 


1898. 

January  

February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November . . 
December . . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


530 

3,  281 

3,395 

1,799 

1,180 

410 

620 

620 


1,682 
3,  245 
2,745 
870 
213 
316 
360 


Mini- 
mum. 


230 
500 
1,628 
500 
335 
335 
370 
370 


408 
1,620 
476 
242 
160 
160 
242 


Mean. 


a  380 

a  380 

a  380 

320 

1,741 

2,464 

1,115 

553 

366 

471 

519 

a  400 


757 


rt270 

a  350 

a  338 

a  393 

909 

2,428 

1,613 

326 

189 

228 

302 

a  350 


640 


Total  in  acre- 
feet. 


a  23,  365 

a  21, 105 

a  23,  365 

19,  041 

107,  050 

146,  618 

68,  560 

34,  002 

21,  778 

28, 960 

30,  883 

24,  595 


549,  322 


a  16,  602 

a  19,  438 

a  20,  783 

a  23,  386 

55,  892 

144,  476 

99, 180 

20,  045 

11,247 

14, 019 

17,970 

a  21,  521 


464,  559 


Run-off. 


Depth  in 
inches. 


a  0. 14 
«0. 12 
a  0.14 
0.11 
0.66 
0.90 
0.41 
0.21 
0.13 
0.17 
0.19 
0.15 


3.33 


a  0.10 

a  0.11 

a  0.13 

«0. 14 

0.35 

0.88 

0.61 

0.13 

0.07 

0.08 

0.11 

a  0.13 


2.84 


Second- 
feet  per 
square 
mile. 


a  0.12 

a  0.12 

«0. 12 

0.10 

0.57 

0.81 

0.36 

0.18 

.    0.12 

0.15 

0.17 

0.13 


0.25 


a  0.09 

a  0.11 

a  0.11 

a  0. 13 

0.30 

0.79 

0.53 

0.11 

0.06 

0.07 

ofio 

a  0.11 


0.21 


a  Appproximate .  ^ 

Note.— -Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  110; 
measurements,  page  116;  rating  table,  page  117;  results  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  119,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  355  to  356. 
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Sec  .-ft. 
6,000 
5,000 
4,000 
3,000 
2,000 
1,000 

0 
6,000 
5,000 
4,000 
3,000 
2,000 
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0 
6,000 
5,000 
4,000 
3,000 
2,000 
1,000 

0 
6,000 
5,000 
4,000 
3,000 
2,000 
1,000 

0 
6,000 
5,006 
4,000 
3,000 
2,000 
1,000 

0 


■^■qr  """■"■■■I^V  ■*«»^a«i»«««im 


^r  ^uppHviviivmav^ 


Fig.  123.— Arkansas  River,  at  Canon  City,  Colorado,  1889-1898. 

Estimated  monthly  discharge  of  Arhajisas  Eiver  at  Pueblo,  Colorado. 

[Drainage  area,  4,600  square  miles.] 


Month. 


,  1898. 

January  

February  

March 

April 

May 

June 

Jwlj^ 

August 

September  . . . . 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

425 

178 

330 

470 

232 

385 

425 

232 

320 

620 

232 

370 

1,258 

470 

841 

3,290 

1,258 

2,202 

5,385 

470 

1,605 

948 

123 

306 

266 

46 

125 

425 

31 

210 

402 

232 

309 

470 

178 

363 

5,385 

31 

614 

Total  in  acre- 
feet. 


20,  291 

21,  382 
19,  676 

22,  016 
51,  711 

131,  028 
98,  688 
18,  815 
7,438 
12,  912 
18,  387 
22,  320 


444,  664 


Run -off. 


Depth  in 
inches. 


Second- 
feet  per 
square 
mile. 


0.08 
0.09 
0.08 
0.09 
0.21 
0.54 
0.40 
0.08 
0.03 
0.06 
0.08 
0.09 


1.82 


0.07 
0.08 
0.07 
0.08 
0.18 
0.48 
0.35 
0.07 
0.03 
0.05 
0.07 
0.08 


0.13 


Note. — Gage  heights  for  1898  are  given  in  "Water- Supjjly  and  Irrigation  Paper  No.  28,  page  111 ; 
measurements,  page  116 ;  rating  table,  page  117 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  120,  and  in  the  Nineteenth  Annual  lleport,  Part  IV,  images  350  to  357. 
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Sec. -ft. 
13, 000 

12,  000 


11,  000 


10, 000 


9,000 
8,000 
7,000 
6,000 
5,000 
4,000 
3,000 
2,000 
1,000 


JAN. 
10  20 


FEB. 
10  20 


MARCH 
10  20 


APRIL 
10  20 


MAY 
10  20 


JUNE 
10  20 


JULY 
10  20 


AUG. 
10  20 


SEPT. 
10  20 


OCT. 
10  20 


NOV, 
10  20 


DEC. 
10  20 


■I 


i 


M 


A- 


EiG.  124. — Discharge  of  Artansas  Eiver  at  Pueblo,  Colorado,  1898. 
Estimated  monthly  discharge  of  ArJcansas  Biver  at  Nepesta,  Colorado. 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
inum. 

Mini- 
raum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1898. 

May 

June 

July 

August 

September 

2,055 
3,665 
4, 125 
635 
294 
511 
511 

350 
918 
136 
127 
160 
160 
260 

1, 116 
2,103 
1,310 
311 
232 
279 
366 

68,  621 
125, 137 
80, 549 
19, 123 
13,  805 
17, 155 
21,  778 

October 

November 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  112- 
measurements,  page  116;  rating  table,  page  117;  results  for  1897  in  Water-Supply  and  Irrigation, 
Paper  No.  16,  page  121,  and  in  the  Nineteenth  Annual  lleport,  Part  IV,  page  358. 

20  GEOL,  PT  4 22 


338 


PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


Sec.-ft. 
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Fig.  125. — Discharge  of  Arkansas  River  at  Nepesta,  Colorado,  1898. 

Estimated  monthly  discharge  of  Arkansas  River  at  Bockyford,  Colorado. 

[Drainage  area,  11,440  square  miles.] 


Month. 


1898. 

January  

February  20-28. 

March 

April 

May 

June 

July 

August 

September 

October  

November 

December  1-17  . 

The  year  . 


Discharge  in  second- feet. 


Maxi- 
mum. 


Mini- 
mum. 


193 

393 

550 

3,  832 

3,284 

3,754 

706 

393 

550 

862 

393 


3,832 


34 

129 

64 

108 

315 

193 

108 

64 

84 

84 

84 


34 


Mean. 


rt75 

75 

254 

213 

1,206 

2,047 

1,249 

269 

157 

246 

530 

228 


546 


Total  in  acre- 
feet. 


Run-off. 


Depth  in 
inches. 


Second- 
feet  per 
square 
mile. 


a  4,  612 
4,165 

15,  618 
12,  674 
74, 155 

121,  805 
76,  799 

16,  540 
9,312 

15, 126 
31,  537 
14,  020 


396,  393 


a  0.008 
0.01 
0.03 
0.02 
0.13 
0.20 
0.13 
0.03 
0.02 
0.03 
0.05 
0.02 


0.68 


a  0.  007 
0.01 
0.02 
0.02 
0.12 
0.18 
0.11 
0.  02 
0.01 
0.02 
0.05 
0.02 


0.49 


a  Approximate. 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  112; 
measurements,  page  116;  rating  table,  page  117;  n^sults  for  1897  in  Water-Supply  and  Irrigation 
Pai)cr  No.  16,  page  122,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  353. 
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Fig.  126. — Discharge  of  Arkansas  River  at  Rockyford,  Colorado,  1897-98. 

LAGUNA   CANAL. 

Mr.  H.  R.  Holbrook,  president  of  the  Laguna  Canal  Company,  writes 
that  the  Lake  Canal  was  built  in  1892,  heading  about  one-half  mile 
below  Manzanola  (formerly  Catlin),  and  following  along  on  the  north 
side  of  the  river  to  the  vicinity  of  Rockyford,  where  it  gradually  turned 
toward  the  northeast,  ending  finally  at  Horse  Creek,  a  distance  of  25 
miles.  It  is  20  feet  wide  on  the  bottom,  and  constructed  with  a  grade 
of  0.026  or  1.37  feet  per  mile.  It  has  been  found  that  this  is  a  satis- 
factory grade  for  a  canal  of  this  size,  carrying  4  feet  of  water  in  depth. 
It  was  generally  supposed  that  ditches  with  as  light  a  grade  as  this, 
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and  taking  water  from  the  Arkansas  liiver,  would  till  up  rapidly  on 
account  of  the  large  amount  of  matter  in  suspension  in  the  water. 
This  has  been  proved  not  to  be  the  case,  for  the  canal  has  kept  clean 
and  water  grass  has  not  grown  in  the  bottom. 

Reservoir  No.  1,  situated  about  5  miles  east  of  Rockyford,  was 
completed  in  1895,  and  has  been  in  operation  for  three  years.  It  is 
located  in  a  natural  basin  45  feet  in  depth.  When  filled  it  has  a  sur- 
face-water area  of  600  acres.  At  a  point  20  feet  below  the  grade  of 
the  canal  an  outlet  was  cut  at  the  rim  of  the  basin,  this  cut  being  15 
feet  deep  at  the  center  and  about  half  a  mile  long.  A  canal  8  feet 
wide  on  the  bottom,  carrying  3  feet  in  depth  of  water,  has  been  built 
from  the  reservoir  for  a  distance  of  15  miles,  covering  3,000  acres.  It 
has  been  found,  however,  that  the  clear  water  from  the  reservoir  is  not  as 
good  for  irrigation  as  the  water  taken  directly  from  the  main  canal.  It 
percolates  rapidly  into  the  soil  so  that  about  one  half  of  the  land  under 
the  reservoir  canal  is  water-logged,  injuring  the  production  of  crops. 
Water  grass  grows  in  the  bottom,  making  the  cost  of  maintenance  of 
the  canal  from  the  reservoir  much  more  than  that  of  the  main  canal, 
carrying  muddy  water.  The  reservoir  can  be  drawn  down  15  feet, 
leaving  water  30  feet  in  dej^th  below  the  outlet. 

An  artesian  well  has  been  sunk  by  the  same  company  at  the  south- 
east corner  of  section  27,  T.  22  S.,  R.  55  W.,  to  a  depth  of  670  feet.  Of 
this  20  feet  was  through  sand  and  clay,  155  feet  of  limestone  and  asjro- 
ciated  rocks,  385  feet  of  black  shale,  and  110  feet  of  sandstone,  prob- 
ably belonging  to  the  Dakota  group.  The  flow  is  reported  to  be  55 
gallons  per  minute,  and  the  temperature  of  the  water  71°.  No  analysis 
has  been  made,  but  it  is  believed  that  the  mineral  matter  in  solution 
is  less  than  that  in  the  wells  at  Rockyford,  and  that  it  is  preferable  for 
domestic  use. 

The  view  on  PI.  XXXII,  A,  shows  the  Arkansas  River  at  the  head  of 
Amity  Canal.  This  is  above  the  town  of  Lamar  and  takes  water  out 
upon  the  opposite  or  north  side  of  the  river  covering  lands  to  the  north 
of  Granada  and  carrying  water  to  or  across  Kansas  State  line.  The 
view  is  from  the  south  bank  of  the  river  looking  north.  On  the  same 
plate  at  B  is  a  view  of  the  head  gates  on  the  north  bank  of  the  river. 

PURGATORY   RIVER. 

The  principal  tributaries  of  Arkansas  River,  coming  from  the  south, 
in  Colorado  are  Huerfano,  Apishapa,  and  Purgatory  rivers.  These  rise 
in  the  Sangre  de  Cristo  Range  and  flow  in  a  general  northeasterly 
direction  across  the  plains.  In  their  upper  courses  they  carry  consid- 
erable water,  especially  in  the  spring,  but  during  the  summer  the  vol- 
ume shrinks  and  practically  all  of  the  available  supply  is  taken  for 
irrigation,  so  that  little  or  no  water  is  contributed  to  Arkansas  River. 
During  the  times  of  storm  or  local  *' cloud-bursts"  these  channels  often 


U.   S.   GEOLOGICAL  SURVEY 


TWENTIETH  ANNUAL  REPORT       PART  IV       PL.    XXXII 


j^4?'^:;:/m 


A.    DAM   OF   AMITY   CANAL    IN    ARKANSAS    RIVER,   COLORADO. 


B    HEAD   GATE   OF   AMITY   CANAL. 


NEWELL.] 


PURGATORY    RIVER. 


341 


discharge  great  volumes  of  water  into  the  main  stream,  but  these  floods 
are  of  short  duration  and  usually  do  more  harm  than  good. 

Estimated  monthly  discharge  of  Purgaiory  River  at  Trinidad,  Colorado, 

[Drainage  area,  742  square  miles  ] 


Montli. 


1898. 


.Time 
July 


August 


October  .. 
November 


Dischai 

•ge  iu  second  feet. 

Maxi 

lUUUl. 

Mini 
mum. 

Mean. 

882 

109 

264 

1,282 

109 

377 

1,147 

81 

259 

752 

42 

181 

1,282 

42 

173 

58 

31 

39 

42 

36 

39 

Total  in  acre- 
feet. 


16,  233 
22,  433 
15,  925 
11, 129 
10,  294 
2,398 
2,321 


Run  off. 


Depth  in 
inches. 


0.41 
0.57 
0.40 
0.28 
0.26 
0.06 
0.06 


Second- 

feet  per 

square 

mile. 


0.36 
0.51 
0.35 
0.24 
0.23 
0.05 
0.05 


Note.— Gage  heights  for  1898  are  given  iu  AVaterSupply  and  Irrigation  Paper  No.  28,  page  113; 
measurements,  page  116;  rating  table,  page  117.  Results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  IG,  page  123,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  358  to  360. 
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Fig.  127.— Discharge  of  Purgatory  River  at  Trinidad,  Colorado,  1898. 

Observations  on  Purgatory  River  have  been  made  at  three  points, 
the  uppermost  being  at  Trinidad,  near  the  mountains,  where  the  drain- 
age is  only  742  square  miles.  Here  the  stream  is  perennial  and  fur- 
nishes a  supply  of  water  for  the  cultivation  of  a  considerable  area  of 
farm  land.     At  a  j)oint  about  100  miles  farther  down,  following  the 
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course  of  the  stream,  observations  have  been  made  at  what  is  known 
as  J.  J.  ranch,  this  being  well  out  on  the  plains.  A  third  point  of 
observation  is  near  the  town  of  Las  Animas,  where  the  stream  empties 
into  Arkansas  Kiver. 

The  station  at  Trinidad  is  located  at  the  Las  Animas  street  bridge. 
The  first  measurement  was  made  on  September  24,  1895.  Eegular 
observations  were  begun  on  May  1,  1896,  and  have  been  maintained 
during  the  greater  part  of  1897  and  1898. 

J.  J.  ranch  station  on  Purgatory  River  was  established  June  13, 
1898,  by  C.  W.  Beach,  at  the  J.  J.  ranch,  22  miles  south  of  La  Junta 
and  about  27  miles  above  the  mouth  of  the  Purgatory  River,  and  half 
a  mile  below  the  mouth  of  Smith  Canyon,  a  large  tributary  of  the  Pur- 
gatory. The  gage  rod  is  nailed  to  a  pole,  which  is  securely  fastened 
by  means  of  poles  driven  into  the  bank.  The  river  channel  is  straight 
for  a  distance  of  400  feet  above  and  200  feet  below  the  rod.  The  bed  is 
gravelly  and  shifting.  Not  enough  measurements  were  made  in  1898 
to  compute  a  rating  table,  so  the  discharges  are  not  given. 

Observations  were  taken  from  June  13  to  July  2,  inclusive,  and  again 
from  August  7  to  IS^ovember  12,  inclusive,  the  readings  of  the  gage 
varying  from  2.3  to  5.7,  corresponding  to  discharge  of  from  30  to  sev- 
eral hundred  cubic  feet  per  second,  both  the  highest  and  the  lowest 
stages  being  in  August.  This  station  is  of  especial  value  to  the  Great 
Plains  Water  Company,  which  has  maintained  it,  being  connected  to 
the  headquarters  of  the  Company  at  Ijas  Animas  and  La  Junta  by  tele- 
phone. Reference  is  made  to  this  station  in  Water-Supply  and  Irriga- 
tion Paper  No.  28,  page  108;  gage  heights  are  given  on  page  113,  and 
measurements  on  page  116. 

Las  Animas  station  was  established  May  12,  1898,  by  C.  W.  Beach, 
under  the  direction  of  the  Great  Plains  Water  Company,  but  was  kept 
up  for  only  a  part  of  the  month  of  May,  1898,  Mr.  Beach  taking  all  the 
observations  and  making  two  gagings,  from  which  an  approximate 
rating  table  was  made,  giving  700  cubic  feet  per  second  as  the  maxi- 
mum, 326  as  the  mean,  and  31  for  the  minimum  flow. 

ARKANSAS   RIVER   AT   LAS   ANIMAS,    COLORADO. 

Las  Animas  station  on  Arkansas  River  is  described  in  Water-Supply 
and  Irrigation  Paper  ^o.  28,  page  109.  No  measurements  were  made 
in  1898  and  no  rating  table  constructed.  Gage  heights  are  given  in 
Water-Supply  Paper  referred  to  on  page  113. 

ARKANSAS   RIVER   AT   HUTCHINSON,   KANSAS. 

Occasional  observations  and  measurements  of  Arkansas  River  have 
been  made  at  points  in  Colorado  below  Las  Animas,  notably  at  Lamar 
and  Granada,  as  described  on  pages  324  and  325.  Passing  into  Kan- 
sas, the  flow  has  not  been  systematically  determined  until  the  stream 
has  continued  more  than  halfway  across  that  State.     At  Hutchinson 
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observations  were  begun  in  1895  and  have  been  maintained  during  the 
succeeding  years,  the  results  being  shown  graphically  in  fig.  128. 

Estimated  monthly  discharge  of  Arkansas  River  at  Hutchinson,  Kansas. 

[Drainage  area,  34,000  square  miles.] 


Month. 


1898. 

January  

February  

March 

April 

May 

June 

July 

August 

September  . . . . 

October  

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
muni. 


765 

1,060 

164 

540 

1,690 

2,830 

1,525 

218 

420 

44 

82 

645 


2,830 


'Mini- 
mum. 


44 

188 

60 

60 

188 

645 

140 

18 

4 

18 

18 

32 


Mean. 


311 

450 

109 

106 

377 

1,548 

559 

91 

64 

33 

29 

120 


316 


Total  in  acre- 
feet. 


19,  123 

24,  992 

6,702 

6,307 

23, 181 

92, 112 

34,  372 

5,595 

3,808 

2,029 

1,726 

7,379 


227,  326 


Run-off. 


Depth  in 
inches. 


0.011 
0.014 
0.004 
0.004 
0.013 
0.051 
0.019 
0.003 
0.002 
0.001 
0.001 
0.004 


0.127 


Second- 
feet  yvT 
square 
mile. 


0.009 
0.013 
0.003 
0.003 
O.Oll 
0.046 
0.017 
0.003 
0.002 
0.001 
0.001 
0.003 


0.09 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  114; 
measurements,  page  116;  rating  table,  page  117.  Hesults  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  124,  and  in  the  Nineteenth  Annua  Eeport,  Part  IV,  pages  360  to  361. 
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Fig.  128.— Discharge  of  Arkansas  River  at  Hutchinson,  Kansas,  1895-1898. 
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VERDIGRIS    RIVER. 

Estimated  monthly  discharge  of  J^ei'digris  River  at  Liberty,  Kansas. 

[Drainage  area,  3,067  square  miles.] 


Month. 


1898. 
Jaunary. . .. 
February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November  . . 
December  . . 


DischarffO  in  second-feet. 


Maxi- 
mum. 


The  year 


1,010 
10,  606 

6,383 

3,267 

30,  690 

10,  073 

5,727 

7,285 

4,087 

256 

830 

10,  942 


30,  690 


Mini- 
mum. 


9 

39 

52 

230 

579 

475 

39 

9 

2 

14 

28 

87 


Mean. 


106  a 

1,  084  a 

1,335 

859 

6, 185 

2,455 

390 

498 

515 

61 

121 

1,457 


1,255 


Total  in  acre- 
feet. 


6,  518  a 

60,  202  a 

82,  086 

51, 114 

380,  303 

146,  082 

23,  980 

30,  620 

30,  645 

3,751 

7,200 

89,  588 


912,  089 


Run-oft". 


Depth  in 
inches. 


0.04  a 

0.37  a 

0.51 

0.31 

2.33 

0.89 

0.15 

0.18 

0.19 

0.02 

0.04 

0.54 


5.57 


Second- 
feet  per 
square 
mile. 


0.03  a 

0.  35  a 

0.44 

0.28 

2.02 

0.80 

0.13 

0.16 

0.17 

0.02 

0.04 

0.48 


0.41 


a  Approximate. 

Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  28,  page  115; 
measurements,  page  116 ;  rating  table,  page  1 17.  Results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  125,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  369  to  372. 
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Fig.  129.— Discharge  of  Verdigris  River  at  Liberty,  Kansas,  1895-1898. 
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NEOSHO   RIVER. 

Neosho  River  rises  in  the  northern  part  of  Morris  County,  Kansas, 
flows  in  a  southeasterly  and  southerly  direction  through  part  of  Kan- 
sas and  Indian  Territory,  and  empties  into  Arkansas  River  near  Fort 
Gibson.  In  a  direct  course  this  river  has  a  length  of  260  miles,  but 
the  distance  along  the  river  is  much  more  than  this,  as  it  is  very 
crooked.  It  falls  from  an  elevation  of  1,500  feet  to  800  feet,  at  a  ])oint 
about  27  miles  north  of  the  Kansas  and  Indian  Territory  line,  the  dis- 
tance being  136  miles.  From  this  point  to  the  mouth,  a  distance  of  110 
miles  in  a  straight  line,  it  falls  about  300  feet.  It  drains  a  long,  nar- 
row strip  of  land  just  east  of  Verdigris  River  and  west  of  Osage  and 
White  rivers.    The  distance  between  50-foot  contours  is  as  follows: 

From  1,500  to  1,450 7  miles. 

From  1,450  to  1,400 1.3  miles. 

From  1,400  to  1,350 , 3  miles. 

From  1,350  to  1,300 4  miles. 

From  1,300  to  1,250 Smiles. 

From  1,250  to  1,200 7  miles. 

From  1,200  to  1,150 10  miles. 

From  1,150  to  1,100 11  miles. 

From  1,100  to  1,050 22  miles. 

From  1,050  to  1,000 40  miles. 

From  1,000  to  950 ! 26  miles. 

From  950  to  900 i 29  miles. 

26miles. 

.! 52  miles. 

i 

110  miles  in  straight  line. 


From  900  to  850 
From  850  to  800 
From  800  to  500 


'o' 


The  characteristics  of  this  river  can  perhaps  best  be  brought  out  by 
comparing  it  with  its  companion  river,  the  Verdigris.  The  Neosho 
River  is  about  40  miles  farther  north  and  at  about  100  feet  greater  ele- 
vation than  the  Verdigris.^  They  flow  nearly  x^arallel  and  empty  into 
the  Arkansas  River  at  nearly  the  same  place.  The  Verdigris  falls  more 
rapidly  in  its  upper  course,  reaching  the  State  line  at  an  elevation  of 
about  680  feet,  falling  from  1,400  feet  to  680  feet  in  about  15L  miles. 
The  Neosho  falls  more  gradually,  reaching  the  State  line  at  an  elevation 
of  about  770  feet,  and  falling  from  1,500  feet  to  770  feet  in  about  267 
miles.  From  the  State  line  to  the  mouth  the  Neosho  falls  about  270 
feet;  the  Verdigris  about  180  feet.  As  a  result  of  these  differences  in 
topography  the  Verdigris  flows  in  a  narrow,  deep  channel,  the  river 
bottom  being  subject  to  overflow  in  only  a  few  places,  when  the  water 
is  very  high.  The  Neosho  is  wider,  has  lower  banks,  and  is  subject  to 
overflow  in  many  places,  notably  near  Chanute,  Kansas,  where  there  are 
embankments  along  the  river  for  several  miles.  Near  the  mouth  the 
differences  are  very  marked;  the  Verdigris  is  deep,  250  feet  wide,  and 
sluggish,  with  scarcely  a  perceptible  current  at  ordinary  stage  of  water; 
the  Neosho  is  600  to  800  feet  wide,  and  shallow,  with  rapid  velocity. 

» ISIineteenth  Ann.  TJept.,  Part  IV,  p.  363. 
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Fia.  130.— Discharge  of  Neosho  River  at  lola,  Kansas,  1896-1898. 
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The  principal  tributaries  of  the  Neosho  are  the  Cottonwood,  shown 
on  PL  XXX,  B;  which  enters  it  from  the  west,  near  Emporia,  Kansas, 
and  Spring  Kiver,  which  enters  it  from  the  east,  a  little  south  of  the 
Kansas  line.  The  discharge  of  the  Xeosho  from  1896  to  1898,  both 
inclusive,  is  shown  in  fig.  130. 

Estimated  monthly  discharge  of  Neosho  River  at  lola,  Kansas. 
[Drainage  area,  3,670  square  miles.] 


Month. 


1898. 

January  

February  

March , 

April .. ... 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Maxi- 
mum. 


50 
5,060 
7,077 
5,460 

26,  225 

27,  875 
1,050 
1,825 
5,  220 
3,620 
3,695 

16,  077 


27,  875 


rge  in  second  I'eet. 

Mini- 
mum. 

Mean. 

1 

7 

1 

466 

80 

692 

220 

753 

1,250 

8,855 

1,250 

5,360 

180 

392 

110 

543 

110 

678 

50 

395 

145 

482 

305 

2,311 

1 

1,745 

Total  in  acre- 
feet. 


Eun-off. 


Depth  in 
inches. 


Second- 

feet  per 

square 

mile. 


430 

25,  881 

42,  550 

44,  807 

544, 476 

318,  941 

24, 1 03 

33,  388 

40,  344 

24, 288 

28,  681 

142, 099 


.002 
.146 
.218 
.237 
2.  785 
1.686 
.123 
.171 
.213 
.124 
.152 
.727 


1,269,988       6.584 


.002 
.127 
.188 
.205 
2.  413 
1.461 
.107 
.148 
.185 
.108 
.131 
.629 


.475 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  115; 
measurements,  page  116,  and  rating  table,  page  117;  results  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  126,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  361  to  363. 

LOWER  MISSISSIPPI  RITER. 

Measurements  of  the  flow  of  various  head- water  streams  tributary  to 
the  Lower  Mississippi  have  been  made  at  various  points,  as  shown  in 
the  preceding  pages.  The  main  river  itself  is  a  subject  of  continual 
study  by  the  Mississippi  Eiver  Commission,  in  whose  annual  publica- 
tions are  contained  data  showing  its  regimen.  The  matter  of  particular 
interest  in  this  connection  is  the  relation  which  the  high  waters  of  the 
upper  tributaries  bear  to  the  great  flood  of  the  lower  river,  and  of  the 
possible  effect  of  reservoirs  in  holding  back  some  of  the  excess  supi)ly. 
If  it  can  be  shown  that  the  disastrous  floods  of  the  Mississippi  and 
Missouri  can  be  perceptibly  modified  by  storage  reservoirs  in  the  arid 
region,  it  will  be  possible  to  urge  the  construction  of  storage  works,  not 
only  for  the  conservation  of  water  for  irrigation,  but  also  as  a  means  of 
relief  to  the  rich  alluvial  lands  periodically  flooded  (PI.  XXXIII). 
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In  order  to  arrive  at  definite  conclusions  in  this  matter  it  is  essential 
to  make  a  thorough  study  of  the  hydrographic  data — not  only  of  records 
of  heights  of  rivers,  but  also  of  volumes  of  discharge.    Gage  readings 


ort  Jaclisoiv 


FUi.  131. — Relative  locatiou  of  observation  stations  along  Lower  Mississippi  River. 

are  being  maintained  both  by  the  Weather  Bureau  and  by  the  Missis- 
sippi liiver  Comiiiissioii.  The  relative  j^ositioiis  of  the  various  gages 
along  the  river  are  shown  by  the  accompanying  map,  fig.  131.  Read- 
ings made  at  these  points  are  published  annually  by  the  commission. 
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A.    NITA   CREVASSE,    MISSISSIPPI    RIVER,    LOUISIANA. 


Ji    BACKWATER   FROM    NITA   CREVASSE. 
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The  origin  of  floods  in  the  Mississippi  Kiver  has  been  discussed  in 
many  publications,  nocably  in  reports  by  Park  Morrill '  and  by  William 
Starling.2  A  Congressional  committee  has  also  taken  testimony,  and 
the  result  has  been  printed  during  1898,  giving  facts  of  interest.^ 

The  control  of  the  floods  in  the  various  tributary  streams  and  in  the 
main  rivers  has  been  for  many  years  one  of  the  most  important  national 
problems.  Many  opinions  have  been  held  by  diflbrent  students  of  the 
subject,  and  there  is  still  a  wide  divergence  of  view  as  regards  the 
means  to  be  used  to  i^revent  overflow  and  the  destruction  of  property. 
The  determination  of  the  proper  methods  has  been  largely  left  in  the 
hands  of  experts,  such  as  members  of  the  Mississippi  and  of  the  Missouri 
Kiver  commissions.  The  collection  of  the  physical  facts  upon  which 
conclusions  must  ultimately  be  founded  is,  however,  dependent  in  part 
upon  the  activities  of  various  scientific  bureaus,  such  as  the  Weather 
Bureau  in  its  study  of  rainfall,  the  Geological  Survey  in  its  topographic 
mapping  and  hydrographic  examinations,  as  above  noted,  and  particu- 
larly upon  the  researches  of  the  army  engineers  or  boards  in  their  detailed 
surveys  for  specific  purposes.  It  is  only  after  a  thorough  knowledge 
of  the  results  obtained  through  thet^e  careful  investigations,  as  well  as 
of  the  facts  brought  together  by  various  Congressional  committees,  that 
a  comprehensive  knowledge  can  be  had  of  this  great  drainage  system. 

One  of  the  most  popular  of  projects  conceived  as  contributing  toward 
the  regulation  of  floods  has  been  that  of  building  storage  reservoirs  on 
the  western  side  of  the  basin,  where  the  water  can  be  held  and  used 
in  irrigation.  This  matter  has  been  discussed  in  a  most  thorough  man- 
ner by  Capt.  Hiram  M.  Chittenden  is  his  report  upon  *^The  Preliminary 
Examination  of  Reservoir  Sites  in  Wyoming  and  Colorado."  ^  In  this 
report  Captain  Chittenden  points  out  the  fact  that  few  people  have  a 
correct  knowledge  of  the  origin  and  magnitude  of  great  floods  like 
those  on  the  Mississippi  River.  He  calls  attention  to  the  common  error 
in  conceiving  that  these  floods  come  from  the  melting  snows  on  the 
mountains  to  the  west,  and  shows  that  the  floods  of  the  Mississippi 
nearly  all  come  at  seasons  when  the  flow  from  the  mountains  is  very 
small.  This  is  graphically  illustrated  by  diagrams  prepared  by  Mr. 
James  A.  Seddon,  which  show  at  a  glance  the  relative  insignificance  of 
the  amount  of  water  contributed  early  in  the  year  by  the  Missouri  in 
comparison  with  the  great  volumes  carried  by  the  Ohio  (p.  48).  The 
floods  of  the  Mississippi  River  do  not  come  from  the  arid  or  subhumid 
regions,  but  from  heavy  rains  in  the  low  regions  east  of  the  ninety- 

'  United  States  Department  of  Agriculture,  Weather  Bureau  Bulletin  E— Floods  of  the  Mississippi 
Kiver.  Prepared  under  the  direction  of  Willis  L.  Moore,  Chief  of  the  Bureau,  by  Park  Morrill, 
Washington,  D.  C,  1897. 

2  The  floQds  of  the  Mississippi  River,  including  an  account  of  their  principal  cause  and  effects,  and 
a  description  of  the  levee  system  and  other  means  proposed  and  tried  for  the  control  of  the  river,  with 
a  particular  account  of  the  great  flood  of  1897,  by  William  Starling. 

^Report  on  the  Mississippi  River  Floods  by  the  Committee  on  Commerce,  United  States  Senate, 
Fifty-fifth  Congress,  Third  session,  Senate  Report  No.  1433. 

^Fifty-fifth  Congress,  second  session,  H.  R.  Doc.  Ko.  141. 
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eighth  meridian  or  from  streams  still  farther  east,  particularly  the  Ohio. 
He  shows,  however,  that  a  system  of  reservoirs  might  be  built  upon 
the  Missouri  which  would  notably  diminish  the  June  rise.  It  is  further 
stated  by  Captain  Chittenden  that  the  benefit  to  the  lower  river  is  not 
worth  the  cost,  but  that  the  construction  might  be  justifiable  by  other 
considerations,  such  as  that  of  irrigation. 

The  principal  conclusions  of  Captain  Chittenden  on  this  point  are  of 
such  importance  that  they  may  be  quoted  in  full: 

While  it  is  perhaps  physically  practicable  to  build  reservoirs  of  sufiQcient  aggre- 
gate capacity  ou  the  watershed  of  auy  stream,  even  so  large  a  stream  as  the  Missis- 
sippi, as  to  exercise  some  iiiflnence  in  diminishing  the  height  of  floods,  the  great  cost 
of  such  works,  as  compared  with  the  results  to  be  expected  from  them,  will  always 
prohibit  their  construction,  unless  it  is  called  for  by  other  and  more  direct  causes. 

A  general  system  of  reservoirs  in  the  arid  regions  sufficient  to  contain  the  flow  of 
the  streams  over  what  is  possible  to  draw  from  them  directly  in  irrigation  would,  it 
is  believed,  cause  some  reduction  in  the  flood  height  of  the  Missouri  River  during 
the  June  rise.  The  amount  of  this  reduction  would,  of  course,  depend  upon  the 
distance  of  the  section  of  river  considered  from  the  points  of  storage,  and  would 
diminish  rapidly  with  an  increase  of  this  distance. 

Reservoir  construction  in  the  arid  regions  of  the  West  is  an  indispensable  condi- 
tion to  the  highest  development  of  that  section.  It  can  properly  be  carried  out  only 
through  jiublic  agencies.  Private  enterprise  can  never  accomplish  the  work  suc- 
cessfully. As  between  State  and  Nation,  it  falls  more  properly  under  the  domain  of 
the  latter. 

The  linking  together,  even  though  by  slender  ties,  of  the  agricultural 
interests  of  the  arid  region  with  those  of  the  Mississippi  Yalley  is,  in 
the  West  especially,  one  of  the  most  popular  propositions,  as  tending 
to  add  strength  to  the  demand  for  building  great  storage  works  under 
the  auspices  of  the  National  Government.  All  facts,  therefore,  Avhich 
bear  upon  the  matter  have  a  peculiar  interest,  and  the  demonstration 
that  the  great  cost  of  such  works,  as  compared  with  the  results  to  be 
expected  from  them,  will  prohibit  their  construction  as  far  as  prevention 
of  floods  is  concerned,  must  be  a  matter  of  disappointment  to  many 
earnest  advocates. 

While  there  may  be  questions  as  to  the  feasibility  of  controlling  the 
flood  waters  by  means  of  storage  reservoirs,  there  can  be  little  difler- 
ence  of  opinion  as  to  measures  for  the  direct  protection  of  lowlands 
along  the  course  of  the  stream.  The  development  of  the  levee  system 
for  confining  high  water  within  the  main  channel  has  progressed 
steadily  for  many  years,  until  the  Lower  Mississippi  is  bordered  on 
both  sides  by  lines  of  dikes  throughout  the  greater  part  of  its  length. 
The  relative  location  of  these  is  shown  on  fig.  132.  The  first  levee  con- 
struction was  begun  in  New  Orleans,  and  from  this  point  they  have 
been  gradually  extended  up  the  stream.  Two  of  the  great  basins 
adjoining  the  river — St.  Francis  and  White  Kiver — haye  been  recently 
closed.  In  189G  the  last  gap  was  filled  and  the  line  of  levee  was  made 
continuous  from  the  hills  at  Helena  to  a  point  8  miles  above  the  mouth 
of  White  Kiver. 
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The  great  flood  of  1897  and  the  resulting  destruction  called  public 
attention  to  the  imjwrtance  of  raising  and  strengthening  the  levees. 
It  was  shown  that  the  height  of  water  from  a  point  about  100  miles 
below  Cairo  to  the  Gulf  was  greater  than  previously  recorded.  As  far 
as  volume  of  water  was  concerned,  however,  it  is  asserted  that  the 
flood  of  1882  was  greater  than  that  of  1897.     It  appears  i)robable  that 


Fig.  132. — Extent  of  levee  system. 


the  disastrous  effects  of  the  flood  of  1897  were  increased  because  of 
the  extensive  inclosure  of  basins  which  in  a  state  of  nature  had  been 
annually  or  periodically  overflowed.  It  has  been  argued  that  the 
extension  of  the  levees  since  1882  tended  to  increase  the  height  of  the 
flood  of  1897.  At  the  same  time  it  is  true  that  if  the  levees  had  not 
been  in  existence  a  larger  area  would  have  been  submerged  by  the  lat- 
ter flood.    The  whole  matter  has  been  discussed  in  the  report  of  a 
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committee  of  the  United  States  Senate,  as  previously  mentioned.^ 
This  committee  arrived  at  the  conclusion  that  the  basins  and  bottoms 
along  the  Mississippi  Kiver,  exposed  to  the  floods,  can  be  protected  only 
by  a  comi:)lete  system  of  levees  from  Cairo  to  the  head  of  the  passes 
below  Xew  Orleans.  It  is  estimated  that  these  levees  can  be  completed 
and  brought  to  a  sufficient  height  to  aflbrd  protection  against  floods  at 
the  highest  possible  stages  at  a  cost  of  about  twenty  million  dollars. 
Until  this  system  is  complete,  breaks  in  the  levees,  or  crevasses,  with 
resulting  inundations,  accompanied  by  loss  of  life  and  property,  are 
liable  to  occur. 

GEOLOGIC  STRUCTURE. 

As  bearing  ui^on  the  general  condition  of  ground  waters,  and  to  a 
less  extent  upon  problems  of  river  control,  the  following  paragraphs 
prepared  by  Mr.  W  J  McGee  are  inserted,  together  with  a  generalized 
geologic  section  across  the  region.  Mr.  McGee  states  that  there  are 
three  unconformities  of  much  importance  in  the  geologic  development 
of  the  Lower  Mississippi,  these  being  shown  in  the  section,  tig.  133. 


Fig.  133.— Geologic  section  of  the  Lower  Mississippi  Valley,  according  to  McGee. 

1.  Alluvium.     Generally  a  thiu  veneer  only,  ran<^iiig  from  2  to  10  feet  in  thickness; 

occasionally  absent,  elsewhere  thickening  downward,  filling  abandoned  channels 
of  river  or  bayous;  always  thickening,  also  along  banks  of  river  and  bayous, 
where  it  rises  in  natural  levees,  usually  from  1  to  5  feet  in  height. 

2.  Loess.     Best  developed  along  the  bluffs  overlooking  the  river  bottom ;  it  grades 

both  horizontally  and  vertically  into  brown  loam;  in  some  cases,  especially 
along  the  eastern  bluff  line,  it  has  accumulated  in  a  ridge  skirting  the  bluff 
scarp,  much  as  the  natural  levees  of  alluvium  skirt  the  river  banks. 

3.  Lower  Mississippi  blue  clay  (Port  Hudson  formation  of  Hilgard).     An  estuarine 

deposit,  overlain  unconformably  by  the  alluvium;  exposed  in  all  cuttings  in 
the  river  banks  at  low  water,  and  at  all  stages  of  river  in  the  area  lifted  by  the 
New  Madrid  earthquake ;  grades  laterally  into  the  brown  loam,  and  is  gravelly 
at  depths;  where  it  forms  the  surface  by  reason  of  absence  of  alluvium  it 
constitutes  the  ''buckshot  lands"  of  the  Lower  Mississippi. 

4.  Brown  loam  (of  Hilgard).     A  deposit  of  slack  and  probably  brackish  waters, 

mantling  the  bluffs  and  adjacent  highlands  to  altitudes  of  from  200  to  500  feet 
above  the  river,  the  material,  like  that  of  the  loess  and  a  part  of  the  blue  clay, 
being  generally  calcareoas  and  evidently  formed  of  glacial  mud  from  the  Upper 
Mississippi  region;  grades  laterally  and  horizontally  into  loess,  and  also  into 
the  blue  clays. 

5.  Lafayette  formation  (Orange  Sand  of  earlier  literature).     A  deposit  of  brown, 

red,  or  orange  gravel  and  sand,  often  grading  downward  into  stratified  sands  con- 
taining beds  of  silicious  clay;  unconformable  to  all  the  underlying  formations, 
and  largely  eroded  before  the  later  formations  were  deposited. 


'Report  on  the  Mississippi  River  Floods,  by  the  Committee  on  Commerce,  United  States  Senate, 
Fifty -fifth  Congress,  Third  session,  Senate  Report  No.  1433. 
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6.  Tertiary  deposits  (Grand  Gulf,  White  Limestone,  Lignitic  or  Eolignitic  according 
to  latitude).  Marine  and  brackish  water  formations  of  several  thousand  feet 
thickness  in  the  aggregate,  or  several  hundred  feet  at  nearly  any  point  in  the 
Lower  Mississippi  region;  they  rest  unconformably  on  Cretaceous  and  Paleozoic 
formations  toward  the  borders  of  the  region. 

The  alluvium  is  recent;  the  loess,  blue  clay,  and  brown  loam  are  Pleistocene; 
the  Lafayette  is  nonfossiliferous,  but  is  indicated  to  be  Pliocene  by  physical  rela- 
tions; the  Grand  Gulf  is  Miocene,  and  the  White  Limestone  and  Lignitic  are 
Eocene. 

The  Pleistocene  deposits  (loess,  blue  clay,  and  brown  loam)  represent  at  least  two 
periods  of  accumulation,  corresponding  with  the  principal  episodes  in  glaciation 
of  the  Upper  Mississippi  region,  but  the  deposits  can  not  be  discriminated 
generally  in  the  field  or  distinguished  in  small-scale  sections;  collectively,  they 
correspond  with  the  Columbia  formation  of  eastern  United  States  in  its  two 
divisions. 

The  first  of  the  three  unconformities  is  that  separating  the  Lafayette 
formation  from  the  older  Tertiary  deposits.  It  represents  what  has 
been  called  the  Tennesseean  erosion  period,  which  was  of  great  duration. 
During  this  period  the  continent  was  low  and  quiescent  and  was  exten- 
sively base-leveled  in  such  manner  as  to  i)roduce  a  uniform  surface  of 
vast  extent,  not  only  in  the  Lower  Mississippi  region  but  throughout 
eastern  and  southern  United  States.  Eemnants  of  this  plane  of  uncon- 
formity are  shown  on  both  sides  of  the  valley,  the  plane  being  depressed 
on  the  west  by  later  deformation. 

The  second  unconformity  is  that  separating  the  Pleistocene  deposits 
from  the  Lafayette  and  older  formations.  It  represents  what  has  been 
called  the  Ozarkian  erosion  period.  During  this  period,  which  imme- 
diately succeeded  the  time  of  deposition  of  the  Lafayette  formation,  the 
continent  was  lifted  several  hundred  feet  and  all  the  rivers  of  eastern 
and  southern  United  States  carved  canyons,  that  of  the  Mississippi 
being  several  hundred  feet  in  depth  (probably  a  thousand  feet  in  the 
latitude  of  Baton  Rouge)  and  scores  of  miles  in  width,  while  fully  half 
of  the  Lafayette  formation  was  carried  away.  This  is  the  greatest 
unconformity  of  southeastern  United  States,  at  least  since  the  begin- 
ning of  the  Cretaceous. 

The  third  unconformity  is  that  separating  the  Alluvium  from  the 
Pleistocene  deposits.  h\  general  the  profile  retains  the  characteristics 
determined  during  the  subsidence  of  the  Pleistocene;  yet  the  surface 
of  the  Port  Hudson  has  undoubtedly  been  x)laned  smooth  by  the  wand- 
ering of  river  and  bayous,  while  the  lloodplain  has  encroached  on  the 
bases  of  the  bluffs  on  both  sides,  especially  on  the  west. 

WESTERN    GULF    DRAINAGE. 

Under  this  heading  are  included  the  streams  flowing  into  the  Gulf 
of  Mexico  west  of  the  mouth  of  the  Mississippi,  that  is  to  say,  those  of 
Texas  to  the  Rio  Grande.  Measurements  have  been  made  on  Trinity 
River  near  Dallas,  on  Brazos  River,  near  Waco  and  Lewis,  on  Colorado 
River  near  Austin,  on  Guadalupe  River  near  New  Braunfels,  on  Pecos 
20  GEOL,  FT  4 23 
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lliver  near  the  town  of  Pecos,  and  on  tbe  liio  Grande  at  points  in  Col- 
orado and  Kew  Mexico,  as  well  as  at  El  Paso,  Texas.  The  work  in  Texas 
has  been  under  the  immediate  charge  of  Prof.  Thomas  U.  Taylor,  of 
Austin;  while  that  in  New  Mexico  has  been  carried  on  by  Mr.  Phillip 
E.  Harroun,  of  Albuquerque. 

TEXAS   STREAMS. 

Dallas  station  on  Trinity  River  was  established  on  October  1,  1898. 
No  rating  table  has  been  constructed.  This  station  is  described  in 
Water-Supply  and  Irrigation  Paper  No.  28,  page  118;  gage  heights 
are  given  on  page  121,  and  measurements  on  page  129. 

Waco  and  Lewis  stations  on  Brazos  River  are  described  in  W^ater- 
Supply  and  Irrigation  Paper  No.  28,  page  118;  gage  heights  are  given 


Fig.  134.— Irrigation  system  near  Del  Rio,  Texas. 

on  page  121,  and  measurements  on  page  129.  No  rating  tables  have 
been  constructed. 

Measurements  of  Colorado  River  (of  Texas)  are  made  at  two  points 
near  Austin.  These  are  described  in  Water  Supply  and  Irrigation 
Paper  No.  28,  on  pages  118  and  119;  gage  heights  are  given  on  pages 
122  to  124,  and  measurements  on  page  129.  No  rating  table  has  been 
constructed. 

A  view  of  the  water  of  Colorado  River  passing  over  the  Austin  dam 
is  shown  on  PI.  XXXV,  A.  This  is  taken  from  the  power  house, 
looking  across  along  the  crest  of  the  dam.  On  the  same  plate  at  />  is 
a  view  of  San  Antonio  River  in  the  city  of  San  Antonio. 
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New  Braiinfels  station  on  Guadalupe  Eiver  is  described  in  Water- 
Supply  and  Irrigation  Paper  No.  28,  on  page  119;  gage  heights  are 
given  on  page  124,  and  measurements  on  page  129.  No  rating  table 
has  been  constructed. 

Passing  westward  from  New  Braunfels  the  first  streams  of  impor- 
tance are  those  forming  the  head  waters  of  San  Antonio  River,  which 
ultimately  unites  with  Guada- 
lupe River  in  San  Antonio  Bay. 
This  stream,  like  others  in  that 
part  of  Texas,  receives  its 
principal  supply  from  springs. 
The  line  of  springs  is  traceable 
westerly  to  the  vicinity  of  Del 
Rio.  Here  four  large  springs 
issue  at  a  point  about  a  mile 
east  of  the  town,  to  form  San 
Felipe  Creek.  The  waters  are 
diverted  into  ditches,  supply- 
ing agricultural  lands  and  fur- 
nishing water  power.  Views 
of  the  masonry  dams  diverting 
water  are  given  on  PI.  VII  of 
Water-Supply  Paper  No.  13. 
The  relative  location  of  these 
ditches  is  shown  on  the  accom- 
panying fig.  134.  The  main 
ditches  are  about  4  miles  in 
length  and  10  feet  wide.  The 
area  irrigated  aggregates 
about  4,000  acres. 
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RIO  GRANDE. 

This  river  is  described  in  tbe 
Twelfth  Annual  Report  of  the 
United  States  Geological  Sur- 
vey, Part  II,  pages  240  to  290, 
inclusive,  and  in  the  Nine- 
teenth Annual  Report,  Part 
IV,  page  381,  to  which  refer- 
ence may  be  made. 

The  water  supply  of  the  Rio 
Grande  was  rather  below  the  normal  in  1898,  though  crops  were  gener- 
ally matured.  The  season  was  very  dry,  as  a  rule,  and,  owing  to  a  light 
fall  of  snow  in  the  winter,  there  were  at  times  fears  of  a  shortage.  There 
is  no  doubt  that  storage  of  winter  and  flood  flow  must  soon  be  prac- 
ticed to  a  considerable  extent  upon  the  head  waters  of  the  river  and  its 
tributaries. 


Fig.  135.— Relative  locatiou  of  river  and  rainfall  obser- 
vations in  basin  of  upper  llio  Grande. 
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The  ouly  gaging;  station  in  Colorado  maintained  throughout  1898  was 
the  one  above  Del  I^Torte,  described  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  127,  the  observer  at  this  point  being  J.  S.  Eegan,  of 
Del  Norte. 

PRECIPITATION  IN   UPPER  BASIN   OF   RIO   GRANDE. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
upper  Eio  Grande  are  at  Saguache,  Garnett,  Fort  Garland,  Moiiero, 
Chama,  Santa  Fe,  Albuquerque,  Los  Lunas,  Socorro,  Fort  Craig, 
Fort  McEae,  Kincon,  Deming,  and  Las  Cruces.  The  relative  location 
of  these  points  is  shown  on  fig.  135,  in  connection  with  the  points  of 
river  measurements,  which  are  at  Del  Norte,  Embudo,  Albuquerque, 
Eio  Grande,  San  Marcial  and  El  Paso.  The  following  table  gives  the 
names  and  location  of  the  stations,  the  elevation,  and  time  of  begin- 
ning of  the  record: 

Location  of  rainfall  stations. 


Stations. 

County. 

state. 

Latitude. 

Longi- 
tude. 

Eleva- 
tion. 

Length  of 
i-ecord. 

Saguache  

Fort  Garland  . 

Monero 

Chama 

Saguache  . . . 
Castilla 

Colorado 

do 

o 

38 
37 
36 
36 
35 
35 
34 
34 
33 
33 
32 
32 
32 

1 
05 
25 
56 
55 
41 
04 
48 
06 
37 
30 
41 
17 
19 

o       / 
106  06 

105  23 

106  59 
106  47 

105  58 

106  43 
106  52 

106  56 

107  02 
107  02 
107  02 
107  52 
106  52 

7,740 
7,937 
7,356 
7, 862 
7,0.6 
5,026 
5,000 
4,600 
4,448 
4,395 
4,500 
4,327 
3,500 

5-8 
20-24 
7-9 
6-8 
40-44 
20-23 
7-12 
7-10 
27-32 
7-12 
7-9 
13-15 
19-21 

Rio  Arriba  .. 
do 

New  Mexico. .. 
......do 

Santa  Fe 

Albuquerque  . 

Los  Lunas 

Socorro 

Fort  Craio: 

Santa  Fe  

Bernalillo  . .. 
Valencia 

do 

do 

do 

Socorro  

do 

do 

do 

Fort  McRae.. . 

Rincon 

Deming 

Las  Cruces 

Sierra 

do 

Donna  Anu.. 
Grant 

do 

do 

Donna  Ana.. 

do 

Precipitation  at  stations  in  upper  hasin  of  Rio  Grande. 

rORT  GARLAND. 


Tear. 


Normal 
1896.... 
1897.... 
1898.... 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.48 

0.81 

0.77 

1.09 

1.16 

0.98 

2.24 

1.85 

1.21 

0.67 

0.87 

0.89 

0.11 

0.49 

1.24 

1.84 

0.24 

0.26 

3.16 

1.05 

0.74 

1.54 

0.24 

1.40 

0.47 

0.92 

1.32 

0.51 

2.20 

0.68 

L71 

0.77 

1.95 

2.00 

0.00 

1.40 

1.20 

0.05 

0.60 

(1.09) 

1.32 

1.45 

3.88 

1.06 

0.51 

0.58 

1.17 

0.36 

Annual, 


13.02 
12.31 
13.93 
13.27 


MONERO. 


Normal 
1890.... 
1897.... 
1898..-. 


1.30 

2.24 

1.57 

0.70 

1.46 

0.39 

2.47 

L89 

2.07 

1.34 

0.67 

1.70 

0.78 

0.54 

0.42 

0.44 

0.05 

0.22 

1.71 

1.  22 

1.15 

3.82 

1.06 

1.13 

1.37 

2.25 

2.31 

0.84 

2.55 

0.32 

2.86 

2.04 

3.66 

1.99 

(0.  67) 

0.70 

j 

0.  Gl 

1.93 

Lie 

0.85 

0.30 

0.11 

0.55 

0.76 

1 

17.80 
12.  54 
21.  56 
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Frecijntaiion  at  stations  in  upper  basin  of  Rio  Grande — Continued. 

CHAMA. 


Year. 


Normal 

189G 

1897 


Jan. 

Feb. 

3.83 
2.10 
4.90 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.42 
1.65 
2.58 

3.11 
2.20 
5.53 

1.17 
2.30 
0.79 

1.22 
0.05 

0.35 
0.19 

2.39 
2.16 

2.22 

0.78 

2.24 

1.80 

1  31 

1.47 

1.28 
2.15 

2.51 
1.80 

Annual. 

24.05 
18.65 


SANTA  FE. 


Normal . 

1896 

1897 


0.65 

0.88 

0.71 

0.74 

1.01 

1.10 

2.73 

2.72 

1.58 

1.11 

0.79 

0.82 

0.36 

0.57 

0.53 

1.11 

0.27 

0.69 

3.78 

1.47 

1.39 

3.19 

0.25 

0.67 

1.11 

1.10 

2.06 

0.87 

4.35 

0.57 

2.85 

2.33 

•2.49 

1.95 

0.08 

0.64 

14.84 
14.28 
20.40 


ALBUQUERQUE. 


Normal 
1896.... 
1897.... 
1898.... 


0.36 

0.26 

0.20 

0.31 

0.52 

1.03 

1.21 

1.66 

0.92 

0.86 

0.35 

0.27 

0.06 

0.07 

0.01 

T 

0.07 

0.32 

1.98 

0.81 

0.72 

2.55 

0.05 

0.38 

0.57 

0.13 

0.72 

0.63 

2.07 

0.9S 

0.31 

1.31 

1.22 

1.44 

T 

0.35 

0.58 

0.54 

0.34 

0.33 

0.12 

1.00 

1.25 

0.60 

0.28 

0.15 

0.50 

0.70 

LOS  LUNAS. 


7.95 
7.02 
9.74 
6.  .39 


Normal 

1896 

1897 

1898 


0.55 

0.32 

0.47 

0.52 

L16 

0.52 

L08 

0.46 

0.54 

1.02 

0.16 

0.40 

T 

T 

0.00 

0.00 

0.00 

0.10 

1.65 

0.95 

1.55 

3.00 

T 

0.40 

1.45 

0.'25 

0.15 

0.50 

1.30 

0.25 

0.80 

0.00 

0.55 

0.80 

T 

0.15 

1.80 

0.85 

0.30 

0.75 

0.15 

0.00 

1.00 

0.87 

7.20 
7.65 
6.20 


SOCORRO. 


Normal 

1896 

1897.-.. 
1898 


0.36 

0.22 

0.34 

0.27 

0.47 

0.42 

2.01 

1.23 

1.47 

L68 

0.39 

0.68 

0.43 
0.57 

3.00 
2.03 

0.88 
1.02 

1.35 
2.47 

4.89 
L18 

0.00 
0.00 

0.02 
0.00 

0.51 

0  05 

0.58 

1.00 

1.20 

0.78 

0.44 

0.92 

0.04 

0.69 

0.55 

9.54 


10.61 


FORT  CRAIG. 


Normal 

1896 

1897 


0.30 

0.35 

0.29 

0.18 

0.34 

0.68 

1.93 

2.27 

1.77 

0.93 

0.54 

0.34 

0.01 

T 

T 

0.00 

T 

0.18 

1.29 

0.59 

0.95 

3.53 

T 

T 

0.59 

T 

0.34 

0.37 

1.63 

0.85 

L18 

0.38 

2.92 

1.88 

(0.54) 

(0.34) 

FORT  McRAE. 


9.92 

6.55 

11.02 


Normal 

1896 

1807 


0.22 

0.20 

0.32 

0.52 

0.50 

1.40 

2.38 

3.09 

1.56 

0.78 

0.32 

0.31 

0.00 

0.00 

0.00 

0.00 

0.02 

0.27 

2.84 

2.10 

1.10 

4.10 

0.15 

0  26 

0.40 

0.00 

1.01 

L56 

L20 

1.58 

3.79 

3.38 

3.23 

0.74 

0.00 

0.00 

11.60 
10.84 
16.89 


RINCON. 


Normal 
1896.... 

1897 

1898 


Normal 

1896 

1897 

1898 


0.52 

0.64 

0.25 

0.09 

0.30 

0.21 

2.77 

2.94 

3.82 

0.53' 

0.47 

0.37 

0.09 

0.01 

0.05 

0.08 

0.04 

0.32 

3.63 

0.31 

(3.  82) 

1.83 

0.12 

0.01 

1.  32 

0.00 

0.00 

0.18 

0.88 

0.20 

1.95 

2.61 

4.23 

0.46 

0.00 

T. 

0.62 

0.00 

0.15 

0.55 

0.15 

1.55 

3.62 

2.63 

0.90 

0,23 

T. 

0.73 

DEMING. 


0.48 

0.47 

0.41 

0.07 

0.25 

0.34 

1.89 

L72 

1.43 

0.93 

0.63 

0.30 

0.60 

T. 

0.00 

0.20 

0.00 

0.15 

4.30 

( 

1.95 

2.00 

3.25 

0.25 

0.00 

1.  55 

(0.47) 

0.42 

0.00 

0.00 

0.50 

2.89 

1.41 

1.87 

1.57 

0.00 

T. 

(1.48) 

T. 

1.42 

0.30 

0.00 

T. 

1.66 

1.73 

0.21 

0.00 

0.10 

0.60 

12.91 
10.31 
11.83 
11.13 


8.92 
12.70 
10.68 

6.50 
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Precijntation  at  stations  in  upper  basin  of  Rio  Grande — Continued. 

LAS  CRUCES. 


Year. 


Normal . 

1896 

1897 

1898 

Normal . 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 
0.32 

July. 

Aug. 

Sept. 

Oct. 

0.51 

Nov. 

Dec. 

0.22 

0.37 

0.19 

0.09 

0.26 

1.46 

1.19 

0.96 

0.52 

0.33 

0.31 

0.11 

0.00 

0.11 

0.10 

1.01 

2.50 

0.47 

1.24 

2.14 

0.00 

T. 

0.35 

0.00 

0.40 

0.23 

1.54 

0.07 

2.25 

1.16 

2.14 

0.73 

T. 

0.03 

0.38 

0.02 

0.26 

0.69 

T. 

1.83 

2.18 

1 

Annual. 

6.42 
7  99 
8.96 


AVERAGES. 


0.63 

0.84 

0.07 

0.48 

0.73 

0.66 

1.99 

1.89 

1.55 

0.96 

0.55 

0.70 

0  35 

0,32 

0.37 

0.51 

0.07 

0.32 

2.67 

0.99 

1.14 

2.72 

0.33 

0.49 

1.35 

0.83 

1.19 

0.58 

1.70 

0.69 

1.92 

1.43 

2.33 

1.35 

0.02 

0.33 

0  70 

0.25 

0.52 

0.80 

0.48 

1.11 

2.19 

1.32 

0.37 

0  16 

0.60 

0.55 

11.64 

10.28 

13.72 

9.05 


Depth  of  run-off  in  inches  from  Bio  Grande  drainage  basin. 
RIO  GRANDE  AT  DEL  NORTE.    " 


Year. 


1895 

1896 

1897 

1898 


Average 


Jan. 

Eeb. 

Mar. 

Apr. 

May, 

June. 
1.76 

July. 

Aug. 
0.60 

Sept. 

Oct. 

Nov. 

Dec. 

0.66 

0.73 

0.53 

1.50 

1.74 

0.79 

0.36 

0.36 

0.28 

0.83 

1.06 

0.97 

0.89. 

1.18 

1.96 

0.65 

0.33 

0.22 

0.38 

0.39 

0.24 

0.31 

0  82 

0.74 

0.82 

0.84 

2.92 

2.70 

0.91 

0.39 

0.50 

L21 

0.54 

0.66 

(1.13) 

(LOO) 
0.88 

(1.21) 

1.53 
1.26 

2.24 

3.50 

1.35 

0.42 

0.26 

0.22 

0.64 

1.07 

0.92 

0.86 

2.22 

2.15 

0.85 

0.41 

0.38 

0.55 

0.43 

0.72 

AnnuaL 


10.14 

8.58 

13.05 

14.66 

11.63 


RIO  GRANDE  AT  EMBUDO. 


1896 

1897 

1898 

Average . 

1896 

1897 

1898 

Average . 

1895 

1896 

1897 

1898 

Average . 

1897 

1898 

Avera<ie . 


0.09 

0.09 

1.16 

0.29 

0.26 

0.06 

0.04 

0.03 

0.03 

0.06 

0.07 

0.07 

0.07 

0.06 

0.09 

0.27 

0.90 

0.73 

0.21 

0.00 

0.06 

0.25 

0.18 

0.09 

0.08 

0.07 

0.12 

0.36 

0.36 

0.56 

0.43 

0.08 

0.06 

0.04 

0.06 

0.06 

0.08 

0.07 

0.46 

0.31 

0.51 

0.45 

0.23 

0.06 

0.05 

0.12 

0.10 

0.07 

1.25 
2.97 
2.28 

2.51 


RIO  GRANDE  AT  RIO  GRANDE. 


0.06 

0.05 

0.12 

0.35 

0.28 

0.06 

0.04 

0.02 

0.03 

0.04 

0.04 

0.04 

0.04 

0.05 

0.10 

0.50 

L18 

0.61 

0.16 

0.04 

0.07 

0.23 

0.12 

0.06 

0.03 

0.04 

0.06 

0.45 
0.43 

0.33 

0.38 

0.26 
0.15 

0.07 

0.03 

0.37 

0.06 

0.07 

0.04 

0.05 

0.09 

0.60 

0.35 

0.04 

0.04 

0.35 

0.07 

0.06 

1.13 
3.00 
2.15 


2.27 


RIO  GRANDE  AT  SAN  MARCIAL. 


0.04 
(0.  03) 

0.08 
0.02 

0.19 
0.02 

0.15 
0.12 

0.16 
0  08 

0.10 
0.01 

0.12 
0.02 

0. 

004 

0. 

006 

0. 

03 

0.01 

0.02 

0.013 

0.017 

0.028 

0.142 

0.505 

0.244 

0.044 

0. 

004 

0. 

075 

0. 

188 

0.117 

0.002 

0.04 
0.03 

0.04 

0.04 

0.18 
0.15 

0.11 

0.08 

0.11 

0. 
0. 

01 

0 

003 

0. 

001 

0.01 

0.02 

0.04 

0.07 

0.21 

0.11 

0.07 

006 

.028 

073 

0.043 

0.008 

0.37 
1  48 
0.64 

0.84 


RIO  GRANDE  AT  EL  PASO. 


0.011 
0.018 


0.014 


0.006   0.002 


0.021 


0.014 


0.013 
0.008 


0.064    0.320 
0.061    0.087 

0.062    0.204 


0.  226 


0.051 


0.070   0.122 


0.148 


0.005 
0.020 


0.025 
0.001 


0.086.  0.012   0.013 


0.068   0.043 
0.001    0.001 


0.026     0.847 
0.003     0.418 


^1.034    0.022    0.014     0.631 
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liaitifall  and  run-off. 


Station. 


Nonuai 


RAINFALL. 


Saguache 


7.19 
13.02 
17.  80 


Fort  Garland 

Monero 

Chama 24. 05 

Sante  Fe j  14.48 

Albiiqiierque 7.  95 

Los  Lunas 7.  20 

Socorro ' i  9  54 

Fort  Craig !  9  92 

Fort  McRae '  11,60 

Rincon |  12.91 

Deminir 8.  92 


Lascrnces 


Average 


KUN-OKF. 


Rio  Grande  at  Del  Norte 

Rio  Grande  at  Einbiido 

Rio  Grande  at  Rio  Grande  . 
Rio  Grande  at  San  Marcial . 


Average, 


Percentnge  of  rainfall 


6.42 


11  64 


11.63 
2.51 
2.27 
0.84 

4.31 


37.03 


189G. 


12.31 
12.54 
18.65 
14.28 
7  02 
7  65 

6.55 
10.84 
10.31 
12  70 

7.99 


10  28 


1897. 


8.84 
13.93 
21.56 


20.40 
9.74 


8.58 
1.25 
1.13 
0.37 

2.83 
27.53 


13.72 


5.12 


1898. 


8.  06 
13.27 


6.  39 


6.20  I 

10.6r! 

11.02  ! 

16  89  I 

11.83       11.13 
10.68  I      6.50 

8  96  ! 


9.05 


13  05  I  14  m 

2  97  i  2.  28 

3.  00  i  2.  15 

1.48  0.64 


4.93 


37.32 


54.48 


Systematic  measurements  of  the  Rio  Grande  were  be^im  near  Del 
Korte,  Colorado,  on  October  11, 1889,  and  have  been  maintained  almost 
continuously  since  that  time,  yielding  results  showing  the  fluctuations 
through  nearly  ten  years.  These  are  given  iii  the  following  table,  and 
are  shown  graphically  In  fig.  136,  p.  365.  It  is  probable  that  tbe  flow 
shown  during  the  months  of  January  and  February  may  be  consider- 
ably in  error  due  to  the  difficulty  of  securing  accurate  results  while  tlie 
river  is  obstructed  in  whole  or  part  by  ice.  The  diminution  in  volume 
in  the  years  1893  to  1896,  inclusive,  is  notable  on  the  diagram. 
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PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


Estimated  monthly  discharge  of  Rio  Grande  at  Del  Norte,  Colorado. 

[Drainage  area,  1,400  square  miles.] 


Month. 


1889. 
October  11-31 

November 

December 


1890. 
January  ... 
February  . . 

March 

April 

May 


June 

July 

August 

September 
October  . . . 
November . 
December  . 


The  year 


1891. 

January 

February   .. 

March  

April 

May 

June 

July 

August 

September  . 

October 

November  . . 
December  .. 


Discharge  in  second-feet. 


Maxi- 
mum. 


345 

364 
364 


1,000 

896 

842 

1,380 

5,930 

5,555 

2,260 

930 

450 

862 

610 

670 


5,930 


The  year 


1,320 
1,410 
1,460 
3,160 
5,  650 
5,  555 
3,565 
1,460 
1,234 
2,  475 
450 


Mini 
mum. 


214 
290 
200 


326 
745 
404 
404 
1,990 
2,550 
862 
450 
326 
307 
345 
475 


307 


5,650 


670 

1,196 

930 

796 

1,860 

2,190 

862 

404 

290 

450 

308 


290 


Mean. 


278 
319 
281 


552 

796 

487 

913 

4,331 

3,807 

1,515 

612 

383 

470 

478 

565 


1,242 


990 

1,294 

1,280 

1,410 

3,285 

4,146 

1,693 

663 

527 

844 

374 

a  325 


1,403 


Rui 

Total  in  acre- 
feet. 

Depth  iu 
inches. 

17,  097 

0.23 

18,  980 

0.25 

17,281 

0.23 

33,  948 

0.45 

44, 178 

0.59 

29,  950 

0.40 

54,  323 

0.73 

266,  356 

3.57 

226,  516 

3.03 

93, 172 

1.25 

37,  638 

0.50 

22,  788 

0.31 

28,  905 

0.39 

28,441 

0  38 

34,  747 

0.46 

900,  962 

12.06 

60,  885 

0.81 

71,817 

0.96 

78,  720 

1.05 

83,  895 

1.12 

202,  027 

2.70 

246,  687 

3.31 

104, 119 

1.39 

40,  774 

0.54 

31,  356 

0.42 

51,  906 

0.69 

22,  253 

0.30 

a  19,  987 

a  0.21 

1,  014,  426 

13.  56 

Second- 
feet  per 
square 
mile. 


0.20 
0.23 
0.20 

0.39 
0.57 
0.35 
0.65 
3.09 
2.72 
1.08 
0.44 
0.27 
0.34 
0.34 
0.40 

0.89 


0.71 
0.92 
0.91 
1.01 
2.34 
2.96 
1.21 
0.47 
0.38 
0.60 
0.27 
a  0.23 

1.00 


a  Approximate. 
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Jistimated  monthhj  discharge  of  Rio  Grande  at  Del  Norte,  Colorado — Continued. 

[Drainajie  ai-ea,  1  400  square  miles.] 


Month. 


1892. 

Januarj- 

February   ... 
March  22-31. 

April 

May 

June 

July 


August 

September 
October  . . . 
Noyembev  . 
December  . 


The  year 


1893. 
January  . . 
February  . 

March 

April  

May 

June 

.Tuly 

August.  .. . 
September 
October  . . . 
Noyember  . 
December  . 


The  year. 


Di.scharge  lu  second  feet. 


Maxi- 
uium 


345 

2,400 

4,710 

3,160 

1,074 

610 

308 

290 

829 

1,074 


4,710 


1,113 


1,037 
3,320 
2,850 
640 
450 
345 
308 
450 
862 


3,320 


Mini 
luuni. 


290 
345 
1,510 
1,152 
554 
308 
243 
243 
243 
862 


243 


862 


326 
732 

670 
290 
258 
228 
243 
214 
228 


214 


Mean. 


a  300 

a  300 

316 

1,047 

2,605 

2,187 

740 

444 

262 

259 

360 

922 


812 


966 

rt700 

a  500 

533 

1,944 

1,749 

395 

324 

270 

263 

278 

642 


714 


Total  in  acro- 
feet. 


a  18 

rt  17 

19 

62 

160 

130 

45 

27 

15 

15 

21 

•56 


590 


59 

a  38 

a  30 

31 

119 

104 

24 

19 

16 

16 

16 

39 


516 


450 
250 
434 
296 
207 
126 
510 
306 
589 
928 
420 
703 


219 


409 
850 
750 
714 
556 
066 
292 
926 
065 
175 
600 
483 


886 


Iliin-oft". 


Depth  in 
inciies. 


a  0.25 
aO  23 
0.26 
0  83 
2.15 
1.74 
0.61 
0.38 
0.21 
0.21 
0.29 
0.76 


7.92 


0.80 
a  0.  52 
«0.41 
'0.42 
1.60 
1.39 
0.33 
0.27 
0.22 
0.22 
0.22 
0.53 


6.93 


Second 
feet  pet- 
square 
mile. 


a  0.21 
rtO,  21 
0.23 
0.75 
1.86 
1.56 
0.53 
0.32 
0.19 
0.18 
0.26 
0.66 


0.58 


0.69 
a  0.50 
a  0.36 
0.38 
1.39 
1.25 
0.28 
0  23 
0.19 
0.19 
0.19 
0.46 

0.51 


a  Approximate. 
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PROGKESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


Estnnaied  monthly  dischar(/e  of  Rio  (irande  at  Del  Norte,  Colorado — Continued. 

[Draiuage  area,  1.400  Kquare  miles.] 


Month. 


1894. 

January  

February  

Marcli  

April 

May 

June 

July 

August 

September  .... 

October 

November 

December 

The  year 

1895. 

January 

February  

March    

April 

May  

June 

July 

August 

September  .    . . 

October 

November 

December 

The  vear  .  , 


Discharge  iu  second- feet. 


Maxi 
mum. 


1,113 

1,037 

1,113 

1,510 

2,850 

1,410 

370 

430 

370 

350 

260 

•  490 


2,850 


894 

1,061 

960 

3, 129 

3, 129 

3,804 

1,252 

960 

566 

484 

403 


1,212 


3,  804 


Mini 
njum. 


896 
930 
404 
404 
1,074 
345 
245 
245 
230 
260 
200 
210 


200 


680 
894 
403 
650 
1,382 
1,172 
770 
566 
376 
403 
322 
403 


Mean. 


1,003 
995 

831 
699 
1,  798 
802 
292 
309 
286 
289 
236 
288 


652 


Total  in  acre 
feet. 


801 

953 

638 

1,883 

2,116 

2,  209 

958 

720 

454 

435 

353 

1,008 


322 


1,044 


61,  672 

55,  259 
51,  096 
41,611 
110,  555 
47,  722 

17,  954 

18,  999 
17,018 
17,  770 
14,  043 
17,  709 


471,408 


49,  252 

52,  927 

39,  229 

112,  047 

130,  108 

131,  445 
58,  905 
44,  271 
27,  015 
26,  747 
21,  005 
61,  980 


r.iin-otl 


Depth  in 
inches. 


754,  931 


0.82 
0.74 
0.69 
0.56 
1.48 
0.63 
0.24 
0.24 
0.22 
0.24 
0.19 
0.24 


6.29 


0.66 
0.73 
0.53 
1.50 
1.74 
1.76 
0.79 
0.60 
0.36 
0.36 
0.28 
0.83 


Second- 

feet  per 

square 

mile. 


0.71 
0  71 
0.60 
0.50 
1.28 
0.  57 
0.21 
0.21 
0.20 
0.21 
0.17 
0.21 

0.46 


10.14 


0.57 
0.68 
0.46 
1.34 
1.51 
1.58 
0.69 
0.52 
0.32 
0.31 
0  25 
0.72 

0.  75 
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Estimated  monthly  discharge  of  Rio  Grande  at  Del  Norte,  Colorado — CoQtiuued. 

^Drainage  area   1  400  sijuare  miles.] 


Mouth. 


189H. 
January... 
February  . 

March   

April 

May  

June . 

«July 

August 

September 

October 

November . 
December  . 


The  year 

1897. 

January 

February   . . . 

March     

April   

May 

June 

J>ily 

August 

September  . . 

October 

November . . . 
December  . . . 


The  year 


Discharge  in  secoud  feet 


Ma.\i 
niuru 


1,428 

2,154 

1,336 

3,  054 

3,579 

1,766 

650 

403 

1,294 

566 

376 

430 


3,579 


2,111 

5,  234 

4,830 

2,261 

598 

972 

2,261 

860 


Mini 
raum 


1,.  172 

960 
830 
594 
1,212 
430 
322 
214 
268 
403 
268 
322 


214 


598 
1,  660 
1,660 
570 
354 
354 
756 
542 


Mean 


1,  293 

1,258 

1,081 

1,484 

2,374 

821 

403 

261 

477 

469 

310 

375 

884 


a  1,  000 

a  1,000 

a  I,  000 

1,067 

3,537 

3,391 

1,108 

475 

631 

1,472 

665 

a  800 

1.346 


Total  in  acre- 
feet 


79,  504 
72,  361 
66,  469 
88,  304 
145,  973 
48,  853 
24,  780 
16,  048 
28,  838 
28,  338 
18,  446 
23,  058 


641,017 


a  61,  488 

a  55,  537 

a  61,  488 

63,  491 

217,  483 

201,778 

68,  129 

29,  207 

37,  547 

90,  510 

39,  570 

a  49,  190 

975,  418 


Runoflf 


Depth  in 
inche.s 


1.06 
0.97 
0.89 
1.18 
1.96 
0.65 
0.33 
0.22 
0.38 
0.39 
0  24 
0.31 


8  58 


a  0.82 

a  0,74 

a  0.82 

0  84 

2.92 

2.70 

0.91 

0  39 

0  50 

1.21 

0.54 

a  0.  m 


13.05 


Second 
leetper 
square 
mile 


0.92 
0.90 
0,77 
1.06 
1.70 
0.59 
0,29 
0.19 
0  34 
0  34 
0.22 
0.27 

0.63 


rtO.  71 

aO  71 

aO  71 

U  76 

2  53 

2.42 

0  79 

0.34 

0  45 

1.05 

0.48 

a  0.57 

0.96 


a  Approximate. 
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PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


Kstiniated  montlihj  discharge  of  liio  Grande  at  Del  Norte,  Colorado — Coutiiuied. 

[Draiuage  area,  1,400  square  miles.] 


Month. 


1898. 

January 

February  . . . 

March 

April  

May 

June 

July 

August 

September  . 

October 

November  . . . 
December .. . 


Discharge  in  second-feet. 


Maxi- 
mum. 


Tlie  year 


Mini- 
mum. 


Mean. 


3,406 

4,382 

5,266 

2,664 

614 

398 

328 

1,442 


890 
2,152 
2,824 
708 
384 
260 
220 
234 


a  1,  377 

a  1,  472 

« 1,471 

1,912 

2,722 

4,390 

1,643 

509 

319 

259 

816 

a  1,  3C0 


1,517 


Total  in  acre- 
feet. 


a  84,  669 

«  81,  751 

a  90,  449 

113,  772 

167, 369 

261,  223 

101,  024 

31,  297 

18,  982 

15,  925 

48,  555 

a  79,  934 


1,  094,  i:50 


liuu-otr. 


Depth  in 
inches. 


a  1.13 

a  1.09 

«1.21 

1.53 

2.24 

3.50 

1.35 

0.42 

0.26 

0.22 

0.64 

a  1.07 


Second- 
feet  jjer 
square 
mile. 


a  0.  98 

a  1.  05 

rtl.05 

1.37 

1.94 

3.14 

1.17 

0.36 

0.23 

0.19 

0.58 

a  0.93 


14.06 


1.08 


a  Approximate. 

KOTE. — Gage  heights  of  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  126; 
measurements,  page  129;  rating  table  page  130.  Eesults  for  1897  in  Water-Sujjijly  and  Irrigation 
Paper  No.  16,  page  127,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  381. 

Estimated  monthly  discharge  of  Rio  Grande  at  Embitdo,  New  Mexico. 

[Drainage  area.  7,000  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1889. 

January  

February   

Marcb  |     1,042 

April  I     4,420 

May 

June 

July 

August 

September 

October 

November 

December '. . . 


495 
576 


5,075 
5,660 
1,105 
253 
264 
324 
507 
610 


The  year 


5,  660 


Mini 
mum. 


379 
420 
537 
970 
2,443 


1, 


390 
236 
181 
184 
243 
253 
364 

181 


Mean. 


431 

473 

784 

2,261 

3,430 

2,922 

471 

206 

212 

283 

366 

542 

1,032 


Total  in  acre- 

feet. 

26,  506 

26,  251 

48,216 

134,  530 

210,  945 

173,  859 

28,  966 

12,669 

12,  614 

17,  404 

21,777 

33,  333 

747,  070 

Run -off. 


Depth  in 
inches. 


0.07 
0.07 
0.13 
0.36 
0.56 
0.47 
0.07 
0.03 
0.03 
0.05 
0.06 
0.09 

1.99 


Second- 
feet  per 
square 
mile. 


0.06 
0.07 
0.11 
0.32 
0.49 
0.42 
0.07 
0.03 
0.03 
0.04 
0.05 
0.08 

0.15 
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riQ.  130.— Discbarge  of  Jlio  Grande  al  Del  Norte,  Colorado,  1889-1898. 
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PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


Estimated  monthly  dinchar<)e  of  Rio  Grande  at  Emhudo,  Sew  Mexico — Continued. 

[Drainage  area,  7,000  square  miles.] 


Month. 


1890. 
J  an  liar  V  . . 
February  . 
Marcli  . .- . 

April 

May 

June 

J'^iy 


August 


September 
October  ... 
November . 
December  . 


The  year 


1891. 
January  .. 
February  . 

March 

April 

May  

June 

Jnly 

August 

September 
October  .. . 
November  . 
December  . 


Discharge  in  second-feet. 


Maxi 
mum. 


617 

670 

1,044 

3,220 

6,071 

5,740 

2,640 

1,134 

1,044 

606 

699 

660 


6,071 


The  year 


1,000 
1,450 
5,690 
8,550 
6,340 
4,130 
1,805 
2,025 
3,350 
970 
880 


8,550 


Mini 
mum. 


260 
344 
330 
842 
2,660 
2,768 
920 
636 
496 
523 
550 
636 


260 


550 

550 

735 

735 

4,520 

4.  325 

1,250 

320 

320 

225 

515 

340 


Mean. 


225 


437 

553 

682 

2,083 

4,960 

4,107 

1,593 

814 

545 

562 

616 

648 


1,467 


586 

616 

917 

2,370 

5,965 

5,040 

2,356 

933 

469 

1,681 

778 

553 


Total  in  acre- 
feet. 


26,  875 

30,  691 

41,  943 

123,  938 

305,  040 

244,  366 

97,  969 

50,  061 

32,  427 

34,563 

36,  652 

39,  852 


1. 064,  377 


36,  039 
34, 182 

56,  395 
141,  015 
366,  847 
299,  880 
144,  894 

57,  379 
27,  905 

103,  381 
46, 291 
34,  009 


Pvun-oflf. 


Depth  in 
inches. 


0.07 
0.08 
0.11 
0.33 
0.82 
0.65 
0.26 
0.13 
0.09 
0.09 
0.10 
0.11 


2.84 


0.10 
0.09 
0.15 
0.38 
0.98 
0.80 
0.39 
0.15 
0.08 
0.28 
0.12 
0.09 


1,  855 


1,348,217  i       3.61 


Second- 
feet  per 
.square 
mile. 


0.07 
0.08 
0.  10 
0.30 
0.71 
0.59 
0.23 
0.12 
0.08 
0.08 
0.09 
0.09 


0.21 


0.08 
0.09 
0.13 
0.34 
0.85 
0.72 
0.34 
0.13 
0.07 
0.24 
0.11 
0.08 

0.26 
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Estimated  monthly  dischar<ie  of  Bio  Grande  at  Emhudo,  Nen^  Mexico — Continued. 

[Drainaiie  area,  7,000  square  miles.] 


Mouth. 


1892. 

January 

February.. 

March   

April 

May 

June 

July 

Au<^nst 

September 
October  ... 
November  . 
December  . 


Discharge  iu  second-feet. 


Maxi- 

lUUUl. 


615 

700 

1,550 

4,910 

6,  665 

4,715 

1,400 

300 

165 

260 

400 

490 


Miui- 
uium. 


The  year 6,  665 


1893. 


January  . 
February 
March  . .. 

April 

May 

June 

Julv 


August.  ... 
September 
October  . . . 
November  . 
December  . 


2, 
5, 

1, 


The  year 


5,105 


1895. h 

January  552 

February i  672 

March '  1,410 

April   4,290 

May ^  4,290 


440 
490 
700 
860 
4,130 
1,  550 
280 
152 
140 
165 
243 
165 


140 


360 

280 

465 

340 

670 

360 

465 

700 

105 

1,500 

740 

540 

150 

130 

565 

140 

440 

225 

420 

340 

140 


June 

July 

August 

September  . 

October 

November . . 
December  .. 


The  year 


4,985 

2,530 

2,016 

1,146 

572 

700 

580 


4,  985 


432 
420 
640 
592 
573 
790 
612 
652 
480 
460 
.540 
420 


420 


Mean. 


497 

596 

1,051 

2,979 

4,890 

3,146 

538 

191 

152 

202 

317 

324 


1,240 


332 

415 

501 

1,436 

3,119 

2,  533 

226 

230 

287 

363 

a  330 

«320 


841 


475 

503 

759 

2,  ,541 

2,679 

3,021 

1,335 

1,080 

636 

494 

611 

534 


1,222 


Total  in  acre- 
feet. 


30 

34 

64 

177 

300 
187 
33 
11 
9 
12 
18 
19 


899 


20 
23 
30 
85 
191 
150 
13 
14 
17 
22 
19 
19 


608 


29 

27, 

46 

151 

164 

179 

82 

66 

37 

30 

36 

32 


885 


565 
270 
636 
250 
735 
187 
087 
746 
044 
423 
861 
926 


730 


418 
033 
812 
442 
819 
714 
899 
145 
077 
325 
636 
676 


996 


207 
935 
546 
200 
725 
762 
086 
407 
845 
375 
357 
834 


279 


Run  ofl". 


Depth  iu 
inches 


0.08 
0.09 
0.17 
0.47 
0.81 
0.50 
0.09 
0.04 
0.02 
0.03 
0.05 
0.05 


2.4C 


0.06 
0.06 
0.08 
0.23 
0.51 
0.41 
0.04 
0.04 
0.05 
0.06 
0.06 
0.06 


1.66 


0.08 
0.07 
0.13 
0.40 
0.44 
0.48 
0.22 
0.17 
0.10 
0.08 
0.10 
0.09 


2.36 


Second 

feet  i)er 

square 

luiie. 


0.07 
0.08 
0.15 
0.42 
0.70 
0.45 
0.08 
0.03 
0.02 
0.03 
0  05 
0.05 


0.18 


0.05 
0.06 
0.07 
0.21 
0.45 
0  36 
0.03 
0.03 
0.04 
0.05 
0.05 
0.05 


0.12 


0.07 
0.07 
0.11 
0.36 
0.38 
0.43 
0.19 
0.15 
0.09 
0.07 
0.09 
0.08 


0.17 


a  Approximate. 


Z<  Record  for  1894  is  incomplete. 
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Estimated  monthly  discharge  of  Rio  Grande  at  Emhudo,  yew  J/exJco— Continued. 

[Draiuage  area,  7.000  squaie  miles.] 


Month. 


1896 


January... 
February  . 

March 

April  

May 

June 

July 

August 

September 
October  ... 
November  . 
December  . 


The  year 
1897 


January  .  . 
February    . 

March 

April 

May 

June 

July 

August- .-- 
September 
October  . . . 
November . 
December  . 


The  year 

1898. 

January 

February    

March  

April  

May 

June 

July 

August 

September  .  . . . 

October 

November 

December 


The  vear 


Discharge  in  second-feet. 


Maxi 
nnini. 


660 

640 

2,100 

2,720 

2,980 

990 

1,380 

310 

580 

1,090 

660 

500 


2,980 


435 

480 

865 

3,177 

8,745 

7,600 

2,465 

1,015 

460 

2,150 

1,435 

745 


8,745 


605 

660 

912 

3,540 

3,467 

4,410 

4,700 

987 

385 

345 

425 

385 


4,700 


Mini 
luiini. 


460 
480 
580 
1,200 
850 
210 
210 
210 
210 
275 
210 
380 


210 


375 
375 
410 
700 
3,177 
2,270 
375 
285 
285 
495 
745 
460 


285 


385 
425 
537 
660 
1,515 
2,400 
800 
310 
310 
265 
285 
265 


265 


^lean. 


532 
551 
957 
1,797 
1,598 
367 
299 
249 
228 
349 
395 
414 


645 


394 

408 

561 

1,698 

5,443 

4,621 

1,274 

338 

344 

1,538 

1,138 

551 


1,  497 


488 

471 

695 

2,240 

2,149 

3,480 

2,566 

478 

338 

283 

357 

339 


1,157 


Total  ill  acre- 
leet. 


32,712 
31,  694 
58,  844 
106,  929 
98,  259 
21,  838 
18,  385 
15,  310 
13,  570 
21,459 
23,  504 
25,  456 


Run  oft'. 


Depth  in 
inches. 


467,  960 


24,  226 

22,  659 

34,  495 

101,  038 

334,  679 

274,  968 

78,  336 

20,  783 

20, 469 

94,569 

67,  716 

33,  880 


30,  006 

26, 159 

42,  733 

133,  289 

132, 137 

207,  074 

157,  777 

29,  391 

20, 112 

17,  401 

21,  243 

20,  844 


838, 166 


0.09 
0.09 
0.16 
0.29 
0.26 
0.06 
0.04 
0.03 
0.03 
0.06 
0.07 
0.07 


1.25 


0.07 
0.06 
0.09 
0.27 
0.90 
0.73 
0.21 
0.06 
0.06 
0.25 
0.18 
0.09 


1,107,818         2.97 


Second 

feet  per 

square 

mile. 


0.08 
0.07 
0.12 
0.36 
0.36 
0.56 
0.43 
0.08 
0.06 
0.04 
0.06 
0.06 


2.28 


0.08 
0.08 
0.14 
0.26 
0.23 
0.05 
0.04 
0.03 
0.03 
0.05 
0.06 
0.06 


0.09 


0.06 
0.06 
0.08 
0.24 
0.78 
0.66 
0.18 
0.05 
0.05 
0.22 
0.16 
0.08 


0.22 


0.07 
0.07 
0.10 
0.32 
0.31 
0.50 
0.37 
0.07 
0.05 
0.04 
0.05 
0.05 


0.17 


Note  —Gage  heights  for  1898  are  given  in  Water  Supply  and  Irrigation  Paper  Ko.  28.  page  127,  nieas 
urements  page  129.  rating  table,  jiage  130,  results  lor  1897  in  Water-Supply  and  Irrigation  Paper  No. 
16,  page  128,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  384. 
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Fig.  137.— Discharge  of  the  Rio  Grande  at  Embudo,  New  Mexico,  1889-1898. 
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The  figures  and  diagram  given  on  the  preceding  pages  show  the  flow 
of  the  Rio  Grande  in  the  northern  or  upper  part  of  N^ew  Mexico.  Below 
this  point  of  measurement  several  tributaries  enter,  notably  Chama 
River  from  the  west;  this  joins  the  Rio  Grande  in  Espanola  Valley. 
Below  this  valley  the  stream  enters  a  narrow  canyon,  in  the  upper  end 
of  which  is  located  the  next  river  station,  known  as  Rio  Grande. 
Measurements  were  begun  here  in  February,  1895,  and  have  been 
maintained  continuously,  giving  results  for  four  years.  Those  for  1895 
are  contained  in  Bulletin  No.  140,  on  page  175;  those  for  1896  are  in 
the  Eighteenth  Annual  Report,  on  page  252 ;  and  those  for  1897  are  in  the 
Nineteenth  Annual  Report,  on  page  380.  The  following  table  gives 
the  results  for  1898 : 


Estimated  monthly  discharf/e  of  the  Rio  Grande  at  Bio  Grande,  New  Mexico. 

[Drainage  area  11,250  square  miles.] 


^lonth. 


1898. 

January 

February. ... 

March 

April 

May 

June 

July 

August 

September  . . 

October 

November  . . . 
December  ... 

The  year 


Discharge,  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


8, 
7, 
5, 
6, 
2, 


1, 


475  j 
630  i 
790  ! 
020 

060 

I 

140 
580 
450 
750 
710 
150 
090 


8,020 


290 
320 
400 
425 
1,750 
1,910 
530 
255 
230 
250 
360 
450 


230 


Mean. 


353 

449 

544 

4,468 

3,258 

3,764 

2,  628 

637 

324 

356 

598 

637 


1,501 


Total  in  acre- 
feet. 


21,  705 

24,  936 

33,  449 

265,  864 

200,  328 

223,  973 

161,  590 

39, 168 

19,  279 

21,  890 

35,  583 

39, 168 


1,  086, 933 


Run-off. 


Depth  in 
inches. 


0.03 
0.04 
0.06 
0.45 
0.33 
0.38 
0.26 
0.07 
0.03 
0.37 
0.06 
0.07 


Second- 
feet  per 
square 
mile. 


2.15 


0.03 
0.04 
0.05 
0.40 
0.29 
0.34 
0.23 
0.06 
0.03 
0.32 
0.05 
0.06 


0.  16 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  127, 
measurements,  page  129,  rating  table,  page  130;  results  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  130,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  386. 

Below  the  station  known  as  Eio  Grande  the  river  is  not  measured 
until  San  Marcial  is  reached,  considerably  below  the  center  of  the 
Territory  of  New  Mexico.  Measurements  were  begun  at  this  j)oint  in 
eTanuary,  1895,  the  results  being  given  in  various  reports  above  named. 


NEWELL.] 


RIO    GRANDE. 


371 


Estimated  monthly  discharge  of  Rio  Grande  at  San  Marcial,  Neiv  Mexico. 

[Drainage  area,  28,067  square  miles.] 


Month. 


1898. 

January  

February  

JVIarcli 

April 

JVlay 

June 

July 

August 

September 

October 

November  5-30. 
December 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,090 

1,290 

1,185 

11,  300 

10,  205 

3,170 

16,  775 

1,045 

878 


372 
915 


16,  775 


Mini- 
mum. 


462 
915 

775 

775 

1,000 

1,475 

462 

50 

32 


27 
170 


27 


Mean. 


938 

1,070 

1,011 

4,562 

2,697 

2,122 

2,717 

225 

78 

a  20 

197 

380 


1,335 


Total  in  acre- 
feet. 


57,  675 

59,  425 

62, 164 

271,458 

165,  832 

126,  268 

167,  062 

13,  835 

4,641 

a  1,  230 

11,  722 

23,  365 


Run-ofiF. 


Depth  in 
inches. 


0.04 
0.04 
0.04 
0.18 
0.11 
0.08 
0.11 
0.01 
0.003 
a  0.  001 
0.01 
0.02 


Second- 
feet  per 
square 
mile. 


964,677       0.64 


0.03 
0.04 
0.04 
0.16 
0.10 
0.08 
0.10 
0.01 
0.003 
a  0.001 
0.01 
0.01 


0.05 


a  Approximate. 
Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  128, 
measurements,  page  129 ;  rating  table,  page   130;  results  for  1897  in   Water-Supply  and  Irrigation 
Paper  No.  15,  page  131,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  page  387. 
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Fig.  138. — Discharge  of  the  Rio  Grande  at  San  Marcial,  New  Mexico,  1898. 
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A  general  view  of  the  Rio  Grande  in  its  lower  course  in  New  Mexico 
is  shown  on  the  accompanying  plate  (PL  XXXVI,  A).  In  the  fore- 
ground IS  a  brush  and  stone  dam  turning  the  greater  i)art  of  the  water 
into  the  head  of  a  ditch.  On  the  same  plate  at  i?  is  a  view  from  the 
head  of  one  of  these  ditches  looking  upstream  along  the  Rio  Grande, 
showing  its  broad,  shallow  bed. 

The  results  of  measurements  of  the  Rio  Grande  in  New  Mexico  are 
given  on  the  preceding  pages.  Estimates  of  the  discharge  have  also 
been  prepared  at  the  point  where  the  river  leaves  New  Mexico  and 
forms  the  international  boundary  between  the  Republic  of  Mexico  and 
the  State  of  Texas.  The  measurements  at  this  point  have  been  carried 
on  by  Mr.  T.  M.  Courchesne,  under  the  direction  of  Mr.  W.  W.  Follett, 
consulting  engineer  of  the  International  (Water)  Boundary  Commis- 
sion. A  large  number  of  measurements  were  made  during  1898,  as 
shown  on  page  120  of  Water-Supply  Paper  No.  28.  From  these  and 
the  daily  observations  of  height,  given  on  page  128  of  the  same  paper, 
an  estimate  of  the  monthly  flow  has  been  made,  as  shown  in  the  fol- 
lowing table: 


Estimated  monthly  discharge  of  Rio  Grande  at  El  Paso,  Texas. 
[Drainage  area,  30,000  square  miles.] 


Mouth. 


1898. 
January  . . 
February  . 

March 

April 

Mav 

June 

•July 


August 


September 
October  . . . 
November. 
December  . 


The  year 


Discharge  iu  secoud-feet. 


Maxi- 
mum. 


965 

620 
4,750 
5,800 
3,080 
9,900 
1,550 

170 
3 
2 

200 


9,900 


Mini- 
mum. 


320 

99 

15 

530 

522 

1,210 

100 

3 

2 

2 

2 


0 


Mean. 


rt490 

606 

326 

1,646 

2,280 

1,875 

3,192 

508 

38 

3 

2 

93 


922 


Total  in  acre- 
lee  t. 


30, 129 

33,  655 

20,  044 

97,  944 

140, 192 

111,570 

196,  269 

31, 236 

2,262 

160 

119 

5,718 


669,  298 


Run-ofi'. 


Depth  iu 
inches. 


0.018 
0.021 
0.013 
0.061 
0.087 
0. 070 
0.122 
0.020 
0.001 
0.001 
0.001 
0.003 


0.418 


Second- 
feet  per 
square 
mile. 


0.016 
0.020 
0.011 
0.055 
0.076 
0.063 
0.106 
0.017 
0.001 
0.001 
0.001 
0.003 


0.031 


a  Approximate. 
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PECOS   RIVER. 

Pecos  River  receives  the  drainage  of  the  greater  part  of  eastern  New 
Mexico,  and,  flowing  south,  crosses  the  western  prolongation  of  Texas 
and  enters  the  Rio  Grande.  The  river  has  been  described  in  some 
detail  in  the  Twelfth  Annual  Report,  Part  II,  page  282.  A  few  meas- 
urements have  been  made  in  New  Mexico,  but  systematic  observations 
have  been  undertaken  only  at  points  in  Texas,  these  being  near  the 
town  of  Pecos,  on  the  Texas  and  Pacific  Railway,  and  at  the  viaduct 
of  the  Southern  Pacific  Company,  as  described  in  Water- Supply  and 
Irrigation  Paper  No.  28,  pages  119  and  120.  Gage  heights  are  given 
on  pages  125  and  126,  and  measurements  on  page  129.  No  rating  tables 
have  been  constructed. 

COLORADO  RIVER  DRAINAGE. 

The  gieat  Colorado  River  of  the  West  is  formed  by  the  junction  of 
the  Grand  and  the  Green,  these  draining  portions  of  Wyoming,  Colo- 
rado, and  Utah.  It  passes  through  stupendous  canyons,  finally  emerg- 
ing into  the  desert  regions  of  southern  Arizona  and  California,  through 
which  it  flows  into  the  Gulf  of  California.  Its  drainage  basin  consists  for 
the  most  part  of  elevated  plateaus,  into  which  the  river  and  its  princi- 
pal tributaries  have  cut  narrow  gorges  of  extraordinary  depth.  Water 
can  not  be  diverted  or  even  pumped  for  irrigation  upon  these  high 
plateaus,  so  that,  except  possibly  for  water  power,  the  main  stream  has 
little  economic  importance  j  the  upper  tributaries,  however,  before  they 
have  reached  their  canyons,  can  be  taken  out  to  cover  adjacent  lands, 
and  progress  in  their  utilization  has  begun  to  a  considerable  extent. 
The  principal  tributaries  below  the  junction  of  the  Grand  and  Green 
are  the  San  Juan,  coming  from  the  west,  and  draining  southern  Colo- 
rado and  northern  New  Mexico,  and  also  the  Gila,  flowing  through 
southern  Arizona. 

COLORADO  RIVER. 

Colorado  River  is  navigable  for  light-draft  steamers  from  Yuma  up 
to  The  Needles,  and  even  higher  at  times  of  flood.  Its  waters  in  its 
lower  course  have  otherwise  little  economic  importance,  as  above  stated, 
although  it  is  possible  that  at  some  future  time  a  portion  may  be  diverted 
for  the  irrigation  of  lands  in  the  Salton  Desert,  west  of  Yuma. 
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Fig.  139. — Relative  location  of  river  and  rainfall  observations  in  upper  basin  of  Colorado  River. 


PRECIPITATION   IN   THE   BASIN  OF   UPPER    COLORADO    RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
Upper  Colorado  River  are  at  Lander,  Camp  Stambaugh,  Steamboat 
Springs,  Pagoda,  Meeker,  Breekenridge,  Redcliff,  Parachute,  Surface 
Creek,  Gunnison,  Montrose,  T.  S.  Ranch,  Delta,  Grand  Junction,  Ver- 
nal, Fort  Duchesne,  Soldier  Summit,  Cisco,  Moab,  Fort  Lewis,  and 
Rico.  The  relative  location  of  these  ])oints  is  shown  on  fig.  134,  in  con- 
nection with  Green  River,  Blake,  Shoshone,  Uncompahgre,  Delta, 
Grand  Junction,  Dolores,  and  Mancos.     The  following  table  gives  the* 
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name  and  location  of  the  stations,  the  elevation,  and  the  time  of  begin- 
ninj?  of  the  record : 

Location  of  rainfall  stations. 


Station. 


Steamboat  Springs 


Pagoda 


Meeker 

Breckenridge ... 

Redcliff 

Parachute 

Surface  Creek  .. 

Gunnison 

Montrose 

T.  S.  Ranch 

Delta 

Grand  Junction. 

Vernal 

Fort  Duchesne. . 
Soldier  Summit. 

Cisco 

Moah 

Fort  Lewis 

Rico 


County. 


Routt 

do 

Rio  Blanco.. 

Summit 

Eagle 

Garfield 

Delta 

Gunnison  . . . 

Montrose 

Mesa 

Delta 

Mesa 

Uinta  

do ', 

Wasatch 

Emery 

do 

La  Plata 

Dolores 


State. 


Colorado , 

do  ... 

do  - . . 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

Utah 

do  .. 

do  .. 

do  .. 

do  .. 

Colorado 
do  .. 


Latitude, 


40  30 
40  20 
39  59 
39  28 
39  31 
39  25 


38  34 
38  32 


Longi- 
tude. 


106  50 

107  26 

107  47 
106  02 
106  21 

108  05 


38  45 

39  06 

40  27 
40  35 
39  51 
39  01 
38  30 
37  14 
37  38 


106  52 

107  56 


108  02 

108  33 

110  25 

109  50 

111  08 
109  19 
109  29 
108  03 
108  03 


Eleva- 
tion. 

6,500 

6,182 

9,524 

8,656 

5,105 

6,175 

7,558 

5,811 

5,200 

4,980 

4,594 

5,050 

4,900 

7,477 

4,447 

4,000 

8,500 

8,737 

Length 
of  record. 


4-6 

7 

4-7 

9 

6-9 

7-9 

6 

5-8 

11 

9-12 

9 

9 

3-4 

10-11 

8-10 

6-7 

8-9 

20 

6-8 


In  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation,  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation  by  months  for 
the  years  1896,  1897,  and  1898;  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 

Predpitaiion  at  stations  in  drainage  hasin  of  Upper  Colorado  River. 

STEAMBOAT    SPRINGS. 


Tear. 


Jan. 


Normal 

1896 

1897 

1898 


2.48 


2.13 
0.36 


Feb. 


2.78 
0.60 
3.80 
0.47 


Mar. 


1.86 
0.80 
2.55 
0.83 


Apr. 

2.00 
0.70 
2.80 
0.63 


May. 


1.58 


1.50 


June. 


0.91 


0.85 


July. 


1.42 


0.90 
0.00 


Aug. 


0.30 


0.29 


Sept. 


1.00 
2.02 
0.20 
0.40 


Oct. 


0.80 
0.25 
0.10 
1.10 


Nov.  I  Dec. 


1.29 
1.81 
1.50 
1.80 


2,44 

0.65 
2.70 
1.47 


Annual. 


18.86 


19.  32 


PAGODA. 


Normal 
1896.... 
1897..-. 
1898 


1.62 

2.29 

2.74 

1.81 

1.69 

0.92 

1.42 

1.57 

1.65 

1.23 

1.24 

2.02 

1  1.70 

1.55 

2.40 

0.70 

0.75 

0.30 

2.50 

1.95 

3.17 

0.11 

1.30 

0.95 

1.70 

4.35 

4.92 

3.50 

1.85 

1.55 

2.51 

1.87 

1.00 

1.75 

1.10 

3.03 

1.75 

0.80 

1.65 

0.92 

2.80 

1.57 

L48 

1.68 

0.05 

2.85 

2.05 

1.32 

20.20 
17.38 
29.13 
18.92 
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Precipitation  at  stations  in  drainage  basin  of  Upper  Colorado  Hirer — Continued. 

MEEKER. 


Year. 


Normal 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1.44 

1.43 

2.14 

1.20 

1.09 

0.78 

2.92 

1.47 

1.24 

1.37 

1.83 

0.39 

0.54 

0.16  ,  3.56      1.35 

1.38 

2.33 

3.11 

2.19 

1.64 

1.17      3.71   !  2.04 

0.67 

(1.43) 

0.73 

0.79 

2.15 

0.40 

1  85 

2.14 

Sept.    Oct. 

i 

1.85  j  1.04 
3.66  j  0.28 
2.33  !  1.19 
0.03  '  2.15 


Nov. 


1.22 
1.43 
1.02 
1.57 


Dec. 


1.36 
0.47 
2.19 
0.52 


Annual. 


17.94 
16.28 
24.30 
14.43 


BRECKENRIDGE. 


Normal 
1896.... 

1897 

1898 


2.13 
1.88 
2.90 
0.29 


4. 12  I  3.  85 

1,89  i  4.83 

1.99  I  3.53 

0.59  1.16 


3.22 

2.59 

1.54 

2.11 

2.02 

1.45 

1.47 

2.86 

3.29 

0.60 

1.47 

0.30 

3.10 

2.29 

2.25 

0.82 

3.87 

0.73 

4.00 

1.54 

1.53 

1.70 

2.27 

1.16 

1.02 

0.60 

2.25 

1.53 

0.46 

1.14 

2.19 

1.59 

0.38 

1.53 

4.09 

1.34 

30.65 
24.03 
24.49 
16.29 


REDCLIFF. 


Normal . 

1896 

1897 

1898 


2.00 

2.20 

2.38 

1.60 

1.22 

0.94 

1.93 

1.55 

1.11 

1.26 

1.48 

2.26 

1.30 

0.66 

0.56 

0.40 

1.17 

0.60 

1.06 

1.63 

0.63 

0.55 

2.32 

0.08 

1.24 

3.37 

2.23 

0.77 

0.76 

1.40 

1,65 

0.75 

(1.11) 

0.34 

1.44 

1.78 

1.13 

0.63 

0.87 

1.07 

0.73 

0.09 

4.00 

2.80 

0.70 

1.94 

2.78 

(2.26) 

PARACHUTE. 


Normal 

1896 

1897 

1898 


0.84 

0.81 

1.21 

0.88 

0.76 

0.38 

0.87 

0.80 

1.42 

0.76 

0.77 

0.98 

0.38 

0.04 

(1.21) 

0.13 

0.21 

0.70 

(0.  87) 

1.27 

4.12 

0.65 

0.86 

1.20 

1.52 

1.82 

0.67 

3.98 

0.66 

1.05 

0.80 

1.52 

2.55 

0.57 

0.20 

(0.  98) 

0.26 

0.00 

0.85 

0.42 

1.09 

0.23 

0.98 

0.70 

0.70 

SURFACE  CREEK. 


Normal 
1896.... 
1897.... 
1898. . . . 


1.17 

1.62 

1.54 

0.51 

0.70 

0.48 

0.92 

1.32 

1.61 

0.90 

0.  58 

1.18 

1.12 

1.00 

0.68 

0.05 

0.70 

0.16 

0.80 

0.93 

2.99 

0.44 

0.16 

0.30 

0.95 

1.70 

2.10 

1.23 

1.23 

1.01 

0.82 

0.50 

2.25 

1.79 

0.45 

1.02 

..••-• 

19.93 
10.96 

19.00 


10.48 


12.  53 

9.33 

15.05 


GUNNISON. 


Normal 
1896.... 
1897.... 
1898.... 


1.09 

0.88 

0.61 

0.88 

0.52 

0.31 

1.28 

1.03 

0.52 

0.55 

1.25 

0.48 

1.21 

0.12 

0.25 

0.00 

0.01 

0.00 

1.37 

0.92 

0.99 

T. 

0.90 

0.50 

0.60 
0.28 

1.00 
0.31 

1.39 

2.01 
1.93 

0.90 
0.68 

1.50 
0.06 

1.24 
0.13 

1.06 

0.30 
0.30 

9.40 
6.27 


MONTROSE. 


Normal 

1896 

1897.... 
1898.... 


0.69 

0.83 

0.90 

1.13 

0.69 

0.20 

0.96 

1.21 

1.06 

0.80 

0.63 

0.74 

0.84 

0.60 

0.34 

0.36 

0.13 

0.18 

0.48 

0.37 

1.66 

0.68 

0.38 

0.45 

0.62 

2.14 

3.41 

0.97 

1.50 

0.43 

1.89 

0.35 

2.45 

1.11 

0.63 

0.74 

T.  S.  RANCH. 


9.84 

6,47 

16.24 


Normal 
1896.... 

1897 

1898 


0.83 

0.75 

1.22 

0.64 

0.81 

0.23 

1.07 

1.35 

1.53 

1.17 

0.65 

0.81 

0.50 

0.21 

0.07 

0.07 

0.39 

0.23 

0.85 

0.45 

5.14 

0.80 

0.40 

0.57 

1.32 

1.45 

1.88 

1.15 

0.55 

0.28 

1.73 

0.94 

1.87 

1.88 

0.86 

0.54 

0.51 

0.07 

1.30 

0.65 

2.20 

0.15 

0.49 

1.29 

0.12 

0.58 

0.40 

0.61 

11.06 

14.45 
8.37 
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Precipitation  at  stations  in  drainage  basin  of  Upper  Colorado  River — Coutinued. 

DELTA. 


Year. 


Normal 

1896.... 
1897.... 
1898.... 

Normal 
1896.... 
1897.-.. 
1898.... 

Normal 

1896 

1897.... 
1898 

Normal 
1896.... 
1897.... 
1898.... 

Normal 
1896.... 

1897 

1898.... 

Normal 
1896.... 
1897.... 
1898-... 

Normal 
1896.... 
1897.... 
1898.... 


Jan. 



0.63 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

0.94 

0.87 

0.29 

0.34 

0.21 

1.11 

0.84 

1.05 

0.65 

0.60 

0.02 

0.00 

0.18 

0.00 

1.50 

0.79 

2.13 

0.49 

2.19 

1.50 

0.05 

0.65 

0.76 

0.90 

0.46 

2  47 

0.28 

0.10 

0.21 

0.58 

0.83 

0.40 

0.95 

0.51 

0.55 

Oct. 

Nov. 
0.65 

Dec. 

0.77 

0.73 

(0.77)  (0.65) 

0.35 

1.75 

0.40 

0.25 

0.05 

0,18 

0.08 

Annual. 

8.43 

11.87 
4.72 


GRAND  JUNCTION. 


0.77 

0.83 

1.02 

0.60 

0.60 

O.U 

0.89 

1.14 

1.27 

0,89 

0.67 

0,59 

0.37 

0.05 

0.27 

0.18 

0.51 

0.01 

0.43 

1  01 

3.78 

0.79 

0.49 

0.33 

1.00 

0.80 

1.05 

1.12 

0.62 

0.40 

0.98 

1.05 

1.53 

1.82 

0.33 

0.40 

0.55 

T. 

1.05 

0.92 

1.40 

0.05 

T. 

0.57 

0.10 

0.25 

0.25 

0.31 

9.41 

8.22 

11.10 

5.45 


VERNAL 


0.81 

0.65 

0.85 

0.52 

1.02 

0.27 

1.23 

0.62 

1.87 

1  06 

0.60 

1.26 

0.48 

0.29 

0.38 

0.89 

0.94 

0.04 

1.86 

0.58 

2.48 

0,69 

0.42 

0.04 

0.96 

1.11 

0.86 

0.58 

0.62 

0.23 

1.08 

0  26 

2.83 

2.34 

0  42 

1.20 

0.63 

0.47 

0.60 

0.50 

2.C3 

(0  27) 

0.34 

(0.62) 

1.04 

0.30 

0  39 

0.17 

10  76 
9.09 

12.49 
7  36 


FORT  DUCHESNE. 


0.40 

0.30 

0.60 

0.70 

0.80 

0.20 

0.60 

0.60 

1.20 

0.80 

0.20 

0  70 

0.06 

0.09 

0.14 

0.21 

1.40 

003 

1,45 

0.64 

2.23 

0.54 

0.20 

0.00 

0.87 

0.90 

0.28 

0.01 

0.16 

0.02 

0.17 

0.21 

4.61 

3.00 

0.00 

1.20 

0.60 

0.10 

0.75 

0.17 

0.61 

0.45 

0.66 

0.66 

0.08 

0  05 

0.13 

0.10 

7  10 

6.99 

11.43 

4.36 


SOLDIER  SUMMIT. 


1.36 

L14 

1.58 

0.44 

0.59 

0  14 

0.91 

0.55 

0  78 

0.57 

1.01 

L52 

1.16 

L15 

1.47 

1.02 

0.38 

0.14 

0.86 

0.49 

0  48 

0.60 

3.25 

0.90 

L82 

,2.80 

5.23 

0.67 

0.10 

0.12 

0.02 

0.06 

2.45 

0.65 

1.34 

2.50 

1.25 

0.68 

2.92 

1.56 

3.12 

0.13 

T. 

0.10 

0.02 

(0.57) 

1.15 

1.15 

10.59 
11.90 
17.70 
12.65 


CISCO. 


0.60 

0.74 

0.72 

0.46 

0.39 

0.08 

0.39 

0.36 

1.12 

0.98 

0.29 

0.79 

0.23 

T. 

T. 

T. 

T. 

0  02 

0.12 

0.84 

2.06 

0.88 

0  03 

0.05 

0.60 

1.85 

0.  58 

1.46 

0.20 

T. 

0.65 

0  15 

1.40 

3.04 

0.35 

1.22 

0.95 

T. 

0.02 

0.20 

1.86 

0.22 

T. 

0.44 

0.00 

0.00 

(0. 29) 

(0. 79) 

6.92 

5.23 

1L50 

4.77 


MOAB. 


0.72 

0.81 

0.99 

0.35 

0.46 

0.08 

0.67 

0.52 

1.38 

0.67 

0.60 

0.99 

0.45 

T. 

0.18 

0.11 

0.17 

0.03 

0.66 

0.51 

5.97 

0.83 

0.30 

0.32 

1.22 

2.12 

2.43 

0.72 

0.38 

0.14 

0.80 

0.60 

1.46 

2.52 

0.48 

1.65 

0.77 

0.13 

0.44 

0.25 

1.58 

0.16 

0.17 

0.35 

0.00 

T. 

0.25 

0.22 

8.24 

9.53 

14.52 

4.32 


FORT  LEWIS. 

[Record  from  1875  to  1882;  and  from  1889  to  1891,  at  Fort  Lewis;  1886  to  1890,  and  1894  to  1897, 

at  Durango.] 


Normal 
1896.... 
1897..-. 
1898.--. 


L80 

1.80 

1.30 

L50 

0.80 

0.80 

2.00 

2.10 

L20 

1.50 

1.40 

2.20 

0.50 

(1.80) 

0.53 

0.55 

0.05 

0.80 

1.30 

1.76 

3.59 

3.61 

1.08 

0.86 

2.61 

3.70 

2.72 

0.45 

3.22 

0.40 

1.38 

0.93 

3.55 

3.89 

0.09 

1.99 

2.21 

0.45 

1.17 

1.67 

1.33 

0.62 

3.46 

0.89 

0.30 

0.07 

0.88 

3.22 

18.40 

24.93 
16.27 
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Precipitation  at  stations  in  drainage  basin  of  Upper  Colorado  River — Contiuued. 

RICO. 


Year. 

Normal 

1896 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

0.55 
0.59 
0.98 
1.60 

Julv. 

V 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

2.78 
2.40 
3.26 
3.10 

4.25 
1.40 
5.60 
1.35 

3.34 
2.10 
6.40 
3.80 

1.01 
1.20 
1.66 
2.62 

1.84 
0.35 
4.15 
3.82 

2.51 
4.13 
2.41 
3.10 

1.96 
2.32 
1.96 
4.13- 

2.79 
4.46 
5.80 
0.88 

1.21 
2.20 
2.82 
0.15 

1.06 
2.40 
1.60 

0.85 

2.58 
1.70 
2.02 
(2.  58) 

25.88 
25. 25 
38.66 
27.98 

1897 

1898 

AVERAGES. 

Noinial 

1896 

1897 

1898        

1.27 
0.92 
1.43 

1.54 
0.71 
2.37 

1.56 
0.96 
2.47 

1.04 
0.40 
1.52 

0.97 
0.52 
1.19 

0.48 
0.23 

0.68 

1.33 
1.49 
1.37 

1.12 
1.12 
0.92 

1.36 
2  83 
2.24 

0.97 
0.82 
1.73 

0.97 
1.20 
0.71 

1.42 

0.55 
1.48 

14.03 
11.75 
18.11 

1                           : 



Depth  of  run-off,  in  inches,  from  Colorado  drainage  basin. 
GREEN  RIVER  AT  GREEN^  RIVER. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

0.33 
1.51 
0.63 

June. 

July.i 

Aug. 

0.23 
0.25 
0.22 

Sept. 

0.13 
0.07 
0.10 

Oct. 

0.06 
0.16 
0.06 

Nov. 

0.12 
0. 11 
0.06 

Dec. 

Annual. 

4.89 

1896 

0.12 
0.29 
0.40 

1.76 
1.13 
1.36 

0.64 
0.43 
0.71 

0.17 
0.09 
0.13 

1897 

0.28 

0.27 

0.30 

1898 

Average. 

1 

0.28 

0.27 

0.30 

0.27 

0.82 

1.42 

0.59 

0.23 

0.10 

0.09 

0.10 

0.13 

4.60 

GREEN  Jil^ 

^ER  A 

.T  BLAKE. 

1895 

0.03 
0.03 
0.03 
0.20 

0.03 
0.04 
0.04 
0.21 

0.13 
0.10 
0.04 
0.21 

0.29 
0.22 
0.27 
0.41 

0.58 
0.48 
1.56 
0.  84 

0.46 
0.69 
1.01 
1.04 

0.37 
0.35 
0.21 
0.43 

0.16 
0.18 
0.12 
0.10 

0.05 
0.16 
0.11 
0.08 

0.08 
0.12 
0. 17 
0.06 

0.04 
0.08 
0.10 
0.06 

0.03 
0.04 
0.04 
0.06 

2.25 
2.49 
3.70 
3.70 

1896 

1897 

1898 

Average. 

0.07 

0.08 

0.12 

0.30 

0.87 

0.80 

0.34 

0.14 

0.10 

0.11 

0.07 

0.04 

3.04 

GRAND  RIVER  AT  GRAND  JUNCTION. 

1897  

0.14 
0.39 

0.12 
0.36 

0.24 

0.15     0.48 
0.28     0.56 

3.93 
0.94 

3.27 
1.77 

1.18 
0.59 

0.89 

0.40 
0.15 

0.23 
0.12 

0.24 
0.13 

0.21 
0.14 

0.21 
0.20 

0.21 

10.  56 
5.63 

1898     

Average . 

0.27 

0.22     0.52 

2.44 

2.52 

0.28 

0.18 

0.18 

0.18 

8.13 

GUNNISON  AT  GRAND  JUNCTION. 

1897 

2.46 
0.77 

1.57 
1.25 

0.47 
0.37 

0.14 
0.10 

0.09 
0.07 

0.22 
0.08 

0.13 
0.07 

1898 

Average . 

1.62 

1.41 

0.42 

0.12 

0.08 

0.15 

0.10 

UNCOMPAHGRE  AT  FORT  CRAWFORD. 

]  896 

2.34 
1.91 
0.74 

1.16 
2.19 
1.57 

0.29 
1.22 
1.00 

0  09 
0.32 
0.25 

0.33 
0.32 
0.14 

0.24 
0.47 
0.14 

0.19 
0.28 
0.12 

1897 

0.23 

0.31 

0.35 

0.88 
0.49 

0.23 

8.71 

1898 

Average . 

6.91 

0.23 

0.31 

0.35 

0.69 

1.66 

1.64 

0.84 

0.22 

0.26 

0.28 

0.20 

0.23 

NEWELL.] 
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Depth  of  run- off ,  in  inches,  from  Colorado  draina(/e  hasin — Continued. 

ANIMAS  AT  DURANGO. 


Tear. 

Jan. 

Eeb. 

Mar. 

Apr. 

May. 

June. 

0.55 
1.19 
4.42 
4.72 

July. 

Aug. 

0.72 
0.28 
0.76 

0.52 

0.57 

Sept. 

Oct. 

Nov. 

Dec. 

0.36 
0.31 
0.61 
0.36 

Annual. 

1895 

0.56 
0.49 
1.59 
1.94 

0.50 
1.38 
L20 
0.36 

0.44 
0.55 
1.97 
0.23 

0.33 
0.38 
0.75 
0.22 

22.61 
14.25 

1896 



1.42 
3.58 
2.08 

3.32 
6.40 
2.50 

1897 

0.44 
0.54 

0.36 
0.34 

0.53 
0.44 

1898 

Average . 

0.49 

0.35 

0.48 

2.36 

4.07 

2.72 

1.15 

0.86 

0.80 

0.42 

0.41 

14.  6i 

DOLORES  AT  DOLORES. 

1896 

0.51 
0.42 
0.40 

0.44 

1.48 
2.94 
2.32 

1.97 
5.00 
2.66 

0.53 
2.91 
3.21 

0.26 
0.75 
1.08 

0.08 
0.30 
0.26 

0.38 
0.78 
0.17 

0.23 
0.81 
0.08 

0.36 
0.35 
0.10 

1897 

0.42 
0.33 

0.37 
0.30 

0.34 

0.24 
0.22 

15.29 
11.17 

1898 

Average . 

0.38 

2.25 

3.21 

2.22 

0.70 

0.21 

0.44 

0.37 

0.27 

0.23 

10.06 

Bainfall  and  run-off. 


Station. 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Steamboat  Springs 

18.86 

20.20 

17.94 

30.65 

19.93 

10.48 

12.53 

9.40 

9.84 

11.06 

8.43 

9.41 

10.76 

7.10 

10.59 

6.92 

8.24 

18.40 

25.88 

14.03 

19.32 
29.13 
24.30 
24.49 
16.84 
16.32 
15.05 

Pagoda  

17.38 

16.28 

24.03 

10.96 

1L64 

9.33 

6.27 

6.47 

9.68 

7.64 

8.22 

9.09 

6.99 

11.90 

5.23 

9.53 

16.43 

25.25 

18.92 
14.43 
16.29 
19.  00 

Meeker 

Breckenridge 

Redcliff 

Parachute 

Surface  Creek 

Gunnison 

Montrose 

16.24 
14.45 
11.87 
11.10 
12.49 
1L43 
17.76 
11.50 
14.52 
24.93 
38.66 

T.S.  Ranch 

8.37 

4.72 

5.  45 

7.36 

4.36 

12.65 

4.77 

4.32 

16.27 

27.98 

Delta 

Grand  Junction 

Vernal 

Fort  Duchesne 

Soldier  Summit 

Cisco 

Moab 

Fort  Lewis 

Rico 

Average 

11.85 

18.36 

11.78 

RUN-OFF. 

Green  River  at  Green  River 

Green  River  at  Blake 

4.60 

3.04 

.      8.13 

6.91 

14.68 

10.06 

......    .... 

4.89 

3.70 

10.56 

8.71 

22.61 

15.  29 

2.49 

3.70 
5.63 

Grand  River  at  Grand  Junction. .. 
Uncompahgre  at  Fort  Crawford  .. 

Animas  River  at  Durango 

Dolores  at  Dolores 

14.25 
11.17 

Average 

7.90 

10.96 

8.69 

Percentage  of  rainfall 

56.31 

59.69 
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The  large  percentage  of  rainfall  which  appears  as  run-off'  in  the 
streams,  as  shown  in  tlie  above  table,  is  due  mainly  to  the  insertion  of 
the  flow  of  Animas  and  Dolores  rivers,  each  of  these  draining  relatively 
small  catchment  areas  of  mountainous  land.  Eliminating  these  figures 
it  will  be  seen  that  the  run-off*  for  the  large  drainage  basins  is  relatively 
small. 

GREEN   RIVER. 

Green  River,  as  shown  by  fig.  139,  is  the  western  fork  of  Colorado 
River.  It  has  been  measured  near  its  head  at  Green  River,  Wyoming, 
and  also  lower  down  at  Blake,  Utah.  One  of  its  tributaries  (Black  Fork) 
has  also  been  systematically  measured  and  a  reconnaissance  of  other 
important  tributaries  (Yampa  and  White  rivers)  has  been  made 
during  1898.  The  station  at  Green  River,  Wyoming,  was  originally 
established  by  the  state  engineer  of  Wyoming,  results  being  given  in 
Ms  report  for  1894.  The  present  series  of  measurements  was  begun  in 
the  spring  of  1895,  figures  for  that  year  being  given  in  Bulletin  No. 
140,  on  page  200.  For  1896  results  are  given  in  the  Eighteenth  Annual 
Report,  Part  IV,  on  page  272,  and  for  1897  in  the  Nineteenth  Annual 
Report,  Part  lY,  page  394.  The  following  table  and  diagram  give 
the  results  for  1898 ; 


Estimated  monthly  discharge  of  Green  River  at  Green  liiver,  Wyoming. 

[Drainage  area,  7,450  square  miles.] 


Month. 


1898. 

April   

May 

June 

July 

August 

September 

October 

November,  1-26. 
December 


Discharge  in  second-feet. 


Maxi- 
mum. 


5,520 
7,680 
15,  120 
9, 120 
2,080 
1,200 
400 
1,280 


Mini- 
mum. 


800 

2,320 

4,200 

2,160 

720 

260 

300 

160 


Mean. 


2,664 

4,063 

9,064 

4,620 

1,417 

646 

347 

405 

a  849 


Total  in  acre- 
feet. 


158,  519 

249,  826 

539, 344 

284,  075 

87, 128 

38,  440 

21,  336 

24, 100 

a  52,  203 


Run-off. 


Deptli  in 
inchevS. 


0.40 
0.63 
1.36 
0.71 
0.22 
0.10 
0.06 
0.06 
rtO.  13 


Second- 
feet  per 
sq  uare 
mile. 


0.36 
0.55 
1.22 
0.62 
0.19 
0.09 
0.05 
0.05 
a  0.11 


a  Approximate. 
Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  134; 
measurements,  page  142 ;  rating  table,  page  144;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  135,  and  in  the  Nineteenth  Annual  lieport,  Part  IV,  pages  394  to  496. 
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Ser.-ft. 
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10  20 
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10  20 
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Fig.  140. — Discharge  of  Green  River  at  Green  River,  Wyoming,  1898. 


The  locality  at  which  measurements  of  Green  River  are  made  near 
Green  River,  Wyoming,  is  shown  on  PI.  XXXVII,  A.  The  current  meter 
is  held  in  the  water  on  the  upper  side  of  the  ferryboat.  On  the  same 
plate  at  B  is  given  a  view  of  Green  River  near  Blake,  Utah,  showing 
in  the  foreground  one  of  the  water  wheels  used  for  raising  water  for 
irrigation. 

BLACK    FORK    OF    GREEN    RIVER. 

Black  Fork  drains  a  portion  of  southwestern  Wyoming  and  empties 
into  Green  River  at  a  point  about  20  miles  below  the  river  station  just 
described.  Measurements  of  the  stream  have  been  made  near  Granger, 
as  described  in  the  Nineteenth  Annual  Report,  Part  lY,  on  page  391. 
The  point  of  measurement  is  below  the  principal  irrigation  ditches,  and 
the  results  show  practically  the  amount  of  water  which  is  going  to 
waste.  The  method  of  irrigation  in  this  drainage  basin  is  very  wasteful. 
The  farmers  consider  it  essential  to  Hood  their  lauds  and  keep  them 
partially  submerged  during  a  great  part  of  the  crop  season.  Hay  is 
the  principal  crop,  the  high  altitude — 6,284  feet  at  Granger — resulting 
in  short  and  cold  summers.  The  principal  industry  is  stock  raising, 
hay  being  produced  for  winter  feed. 
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Estimated  monthly  discharge  of  Black  Fork  of  Green  River  at  Granger,  Wyoming. 

[Drainage  area,  2,400  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1898. 
January 

■ 

1 

a  430 

a  829 

a  1,  059 

1,692 

1,727 

1,755 

360 

173 

a  100 

178 

166 

a  250 

a  26,  440 

a  46,  040 

a  65, 115 

100,  681 

106, 190 

104,  434 

22, 136 

10,  637 

a  5,  950 

10,  945 

9,877 

a  15,  372 

a  0.21 
a  0.36 
a  0.51 

0.79 
0.83 
0.81 
0.17 
0.08 

a  0.05 
0.08 
0.08 

a  0.12 

a  0.18 

a  0.35 

a  0.44 

0.71 

0.72 

0.73 

0.16 

0.07 

a  0.04 

0.07 

0.07 

a  0.10 

February   

March 

April 

2,312 

2,625 

2,562 

710 

250 

910 
1,135 

910 
190 
155 

Mav 

June 

July 

August 

September 

October 

230 
250 

155 
155 

November,  1-26 

December 

The  vear 

727 

523, 817 

4.09 

0.30 

a  Approximate. 
Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  133 ; 
measurements,  page  142;  rating  table,  page  144;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  134,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  391  to  393. 


Sec.-ft. 

6,500 
6,000 
5,500 
5,000 
4,500 
4,000 
3,500 
3,000 
2,500 
2,000 
1,500 
1,000 
500 


JAN. 
10  20 


FEB. 
10  20 


MARCH 
10  20 


APRIL 
10  20 


MAY 
10  20 


JUNE 
10  20 


JULY 
10  20 


AUG. 
10  20 


SEPT. 
10  20 


OCT. 
10  20 


NOV. 
10  20 


DEC. 
10  20 


iiiiiiiiffiii 


Fia.  141.— Discharge  of  Black  Fork  River  at  Granger,  Wyoming,  1898. 


NEWELL.]  GREEN    RIVER    DRAINAGE.  383 


YAMPA   AND    WHITE  RIVERS. 


During  September,  1898,  Mr.  A.  L.  Fellows  made  a  general  recon- 
naissance in  northwestern  Colorado  in  order  to  obtain  data  concerning 
the  How  of  streams  useful  in  irrigation  emptying  into  the  Yam  pa  and 
White  rivers,  tributaries  of  Green  Eiver.  He  proceeded  from  Denver 
to  the  station  known  as  Eifle,  on  the  Denver  and  Rio  Grande  Railroad, 
26  miles  west  of  Glen  wood  Springs,  aud  from  there  by  stage  to  the  town 
of  Meeker,  the  county  seat  of  Rio  Blanco  County,  and  45  miles  from 
Rifle.  On  leaving  the  latter  point  the  road  follows  a  dry  water  course 
to  the  top  of  the  divide  between  the  Grand  and  White  rivers  j  then 
follows  another  similar  dry  water  course  to  White  River  at  a  point  about 
4  miles  below  the  town  of  Meeker.  On  the  way  the  rocks  are  seen  to 
be  tilted  at  all  possible  angles,  and  for  the  most  part  of  brilliant  color, 
being  almost  bare  of  vegetation.  In  general  the  country  is  rough  and 
of  little  value  except  for  stock  raising  and  for  the  coal,  which  apparently 
abounds  on  all  sides.  The  valley  of  the  White  River,  however,  is 
broad,  and  with  many  ranches  owned  by  prosperous  settlers  whose 
chief  business  is  raising  cattle  and  hay.  Meeker,  the  only  town  of  Rio 
Blanco  County,  is  apparently  prosperous,  being  the  outfitting  point  for 
prospectors,  tourists,  and  sportsmen.  The  following  description  of  Mr. 
Fellows'  trip  is  taken  from  his  report :  ^ 

White  River,  at  Meeker,  is  a  large  stream,  its  discharge  being  300  second-feet.  In 
this  stream,  as  well  as  in  all  others  measured  during  the  trip,  the  stage  of  the  water 
was  extremely  low,  being,  according  to  all  reports  that  I  could  obtain,  not  more 
than  one-half  of  the  normal  low  stage.  This  state  of  affairs  is  due,  undoubtedly,  to 
the  extremely  light  snowfall  of  last  winter,  1897-98,  and  to  the  fact  that  no  rain 
had  fallen  in  that  section  for  about  three  months  prior  to  my  measurements.  I 
think  it  safe  to  say,  therefore,  that  the  normal  low-water  stages  would  be  at  least 
two  or  three  times  as  great  as  the  stages  which  I  found. 

Upon  the  following  day,  September  15,  Mr.  Humphrey  Jones,  who  acted  as  my 
guide,  and  myself  took  the  stage  and  traveled  about  50  miles,  from  Meeker  to  Craig, 
in  Routt  County.  The  country  passed  through  on  this  day  was  similar  to  that  of 
the  day  before,  although  the  last  part  of  it  was  much  less  rough,  but  still  quite 
rolling.  On  the  way  we  made  short  stops  at  the  post-offices  Axial  and  Hamilton, 
each  settlement  consisting  of  one  family,  although  the  center  for  several.  At  the 
crossing  of  the  streams  known  as  Milk  River  and  Morapos  Creek  I  estimated  the 
flow,  the  former  at  3  second-feet  and  the  latter  at  1  second-foot;  but  judging  from 
the  amount  of  land  irrigated  from  each  one  they  must  be  of  considerable  size  earlier 
in  the  season.  I  understand,  however,  that  in  the  case  of  each  creek  the  supply  of 
water  is  deficient  for  the  laud  under  it,  and  that,  although  there  is  a  great  extent  of 
irrigable  land  along  each  stream,  particularly  in  what  is  known  as  the  Axial  Basin, 
these  lands  can  probably  never  be  brought  under  cultivation  unless  some  means  of 
water  storage  is  found.  I  was  informed  that  there  was  an  excellent  reservoir  site 
at  the  head  of  the  Morapos  Creek,  but  I  did  not  have  time  to  investigate,  although  I 
determined  that  there  was  sufficient  flow  in  that  stream  earlier  in  the  season  to  fill 
a  large  reservoir. 

At  Hamilton  I  measured  Williams  Fork  of  the  Yampa,  along  which  are  a  number 
of  ranches.     The  stream  is  relatively  large,  although  it  contained  but  25  second-feet 

'Gaging  of  Streams  in  Water  Division  No.  6:  Report  by  A.  L.  Fellows,  in  Ninth  Biennial  Report 
of  the  State  Engineer  of  Colorado,  for  the  years  1897  and  1898,  Denver,  1899;  pp.  409-419. 
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at  the  tinio  1  measured  it.  The  country  about  its  Lead  abounds  in  all  kinds  of 
game.  The  town  of  Craig;,  on  Ynmpa  River,  has  a  beautiful  location.  There  is  a 
considerable  area  of  agricultural  land  in  the  vicinity,  but  up  to  the  present  time 
the  residents  have  been  trying  to  get  along  with  the  water  furnished  by  Fortifica- 
tion Creek,  a  small  stream  flowing  in  from  the  north.  This  usually  becomes  dry 
some  time  in  June,  or  in  July  at  the  latest.  Plans  have  been  made  for  the  construction 
of  a  large  ditch  to  be  taken  from  the  Yampa  River  about  20  miles  above  Craig. 
This  is  expected  to  supply  the  lands  above  and  below  town  on  the  north  side  of  the 
river.  Mr.  Frank  Cramer,  an  engineer  of  experience  in  irrigation  work,  has  since 
been  appointed  engineer  in  charge,  and  there  is  every  reason  to  believe  that  the 
ditch,  upon  which  work  is  in  progress,  will  be  a  success.  The  developed  lands  above 
the  river  bottom,  however,  are  rolling,  and  only  a  small  portion  of  these  can  be 
brought  into  cultivation.  Nearly  all  the  people  in  the  vicinity  of  Craig,  as  well  as 
those  of  Routt  County  in  general,  are  stock  growers  and  apparently  prosperous. 
The  country  is  adapted  to  stock  raising  rather  than  to  general  agriculture,  owing 
largely  to  the  fact  that  the  amount  of  tillable  land  bears  a  small  proportion  to  the 
grazing  area.  The  cattle  business  will  probably  always  be  the  chief  industry  of 
this  section,  although  at  some  future  time  the  coal  supply  and  the  placer  beds  will 
attract  attention. 

On  the  morning  of  September  17  we  left  for  Steamboat  Springs,  situated  on  the 
Yampa  River  about  45  miles  above  or  east  of  Craig.  The  road  winds  along  the  river 
side,  sometimes  upon  the  edge  of  the  mesas  and  sometimes  upon  the  river  bottom, 
through  beautiful,  well-cultivated  ranches.  The  principal  products  of  the  irrigated 
lands  are  hay  and  grain  for  the  winter  feed  for  the  stock.  Improved  ranches  with 
water  rights  are  held  at  high  figures.  About  noon  we  passed  through  the  little 
town  of  Hayden,  shown  on  PI.  XXXVIIl,  A,  which  is  nearly  in  the  center  of  the 
best  cultivated  part  of  the  Yampa  Valley.  A  number  of  ditches  are  taken  out  above 
the  town,  and  the  results  of  irrigation  in  the  neigborhood  are  very  alluring  to  the 
promoters  of  the  Craig  ditch.  The  river  was  measured  at  a  point  l^about  3  miles 
below  Hayden,  and  there  showed  a  discharge  of  111  second-feet.  It  is  at  this  point 
that  the  Craig  ditch  is  to  take  out  its  water  supply.  From  the  fact  that  no  ditches 
of  importance  are  taken  out  below  this  point,  and  that  this  season  is  the  dryest  of 
which  there  is  record,  no  doubts  are  entertained  but  that  the  Craig  ditch,  as  well  as 
other  ditches  which  may  hereafter  be  constructed  along  the  river,  will  have  an 
abundant  water  supply. 

Steamboat  Springs,  PI.  XXXIX,  A,  takes  its  name  from  two  sulphur  springs, 
which,  in  spouting  from  holes  in  the  solid  rock,  make  a  noise  resembling  the  sound 
from  the  exhaust  pipes  of  a  steamer.  The  town  is  beautifully  located  in  the  moun- 
tains, and  is  a  resort  not  only  for  sportsmen,  but  also  for  tourists  and  health  seekers 
who  come  to  try  the  springs  which  abound  in  the  vicinity.  There  are  said  to  be 
over  200  mineral  springs  in  the  immediate  neighborhood,  of  which  several  are  hot 
springs  with  temperature  ranging  from  103  to  150"^  F.  At  one  of  the  hot  springs 
comfortable  bath  houses  have  been  erected.  Near  the  town  is  an  onyx  mine,  from 
which  blocks  of  any  desired  size  and  of  a  tine  quality  may  be  obtained  in  apparently 
inexhaustible  quantity. 

On  the  road  from  Craig  we  crossed  Elk  Head  River,  which  we  found  nearly  dry, 
although  it  is  a  good-sized  stream  up  to  the  first  of  September,  and  much  land  is 
irrigated  from  it.  Elk  River  was  also  crossed  about  a  mile  above  where  it  discharges 
into  the  Yampa,  near  Trull  post-office,  there  being  at  that  point  63  second-feet. 
Yampa  River  was  measured  at  Steamboat  Springs,  giving  a  discharge  of  65  second- 
feet,  and  Fish  Creek,  below  Fish  Creek  Falls,  was  estimated  at  10  second-feet. 

On  the  following  day,  September  19,  we  left  the  valley  of  Yampa  River  and  turned 
to  the  north  for  Honnold  post-office,  on  Snake  River,  going  by  the  way  of  Hahns 
Peak  and  Columbine.  During  the  morning  we  crossed  Mad  Creek,  estimated  at  6 
second-feet ;  Big  Creek  at  4,  Willow  Creek  at  4,  and  Beaver  Creek  at  2  second-feet — 
all  tributaries  of  the  Elk  River.     This  latter  we  crossed  at  a  point  about  15  miles 
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from  Steamboat  Springs,  not  far  from  where  it  has  been  suggested  that  a  large  ditch 
might  at  some  future  time  be  taken  out  to  irrigate  the  lands  along  the  divide  for  a 
hundred  miles  or  more  between  the  Snake  and  Yampa  rivers.  This  project  I  had  no 
time  to  investigate,  although  later  I  saw  a  great  area  of  fine  land  which  could  prob- 
ably be  irrigated  from  such  a  ditch.  On  this  day  the  entire  country  was  coveted 
with  smoke  from  forest  fires,  of  which  we  could  distinguish  six  at  one  point  of  our 
road.  At  one  place  we  passed  along  the  edge  of  a  fire  which  afterwards  consumed  a 
large  part  of  the  town  of  Columbine,  The  town  of  Hahns  Peak  is  at  present  the 
county  seat  of  Routt  County,  but  as  it  is  in  the  extreme  northeastern  part  of  the 
county  it  is  extremely  difficult  for  residents  of  the  western  part  of  .the  county  to 
reach  it,  requiring  in  many  cases  a  three-day  trip  in  wagons  or  on  horseback.  An 
effort  is  being  made  to  change  the  location  of  the  county  seat  from  Hahns  Peak  to 
some  more  central  point.  The  present  county  of  Routt  is  a  little  larger  than  the 
State  of  Massachusetts.  The  mountain  known  as  Hahns  Peak,  and  from  which  the 
town  takes  its  name,  is  an  imposing  mass,  and  is  the  center  of  a  large  mining  terri- 
tory. This  will  be  of  considerable  importance  if  the  country  is  ever  reached  by  rail- 
road. At  present,  however,  most  of  the  ores  are  of  too  low  a  grade  for  shipment  by 
wagons  and  only  a  few  mines  can  afford  to  freight  out  their  ore. 

Honnold  post-office  is  upon  the  Gardner  Ranch,  within  the  boundaries  of  which 
the  three  forks  of  the  Snake  River  unite;  they  are  designated  as  the  North,  Middle, 
and  South  Forks.  The  discharge  of  the  Snake  River  at  a  point  below  the  union  of 
the  forks  was  only  17  second-feet.  Of  this  amount  about  5  second-feet  came  from 
the  North  Fork,  8  second-feet  from  the  Middle  Fork,  and  4  second-feet  from  the 
South  Fork.  At  this  time  the  stream,  although  not  a  large  one,  probably  carries 
more  water  than  is  necessary  for  all  the  irrigation  that  can  be  done  from  it  during 
the  average  season. 

On  the  following  morning  we  started  down  the  valley  of  Snake  River,  which  runs 
westerly  along  the  boundary  line  between  Colorado  and  Wyoming,  sometimes  in  one 
State  and  sometimes  in  the  other,  crossed  Battle  Creek,  which  we  estimated  at  4 
second-feet,  and  Savory  Creek,  which  we  found  dry  at  the  point  of  crossing,  although 
water  was  running  in  two  or  three  ditches  taken  from  it.  A  considerable  area  of 
land  is  irrigated  from  each  of  these  creeks.  We  stopped  at  Slater  to  measure  Slater 
Fork,  which  contained  9  second-feet.  About  5  miles  above  the  mouth  of  the  Fork 
is  a  herd  of  over  100  fine  elk  kept  under  fence. 

From  Slater  post-office  we  drove  in  the  afternoon  to  Dixon,  a  little  town  in  Wyo- 
ming, about  2  miles  from  the  Colorado  line.  This  is  the  vicinity  of  the  so-called 
**  sheep  wars."  The  sheep  men  of  Wyoming  sometimes  endeavor  to  bring  their  sheep 
over  the  line  into  Colorado,  the  Colorado  men  driving  them  back.  Probably  nothing 
of  this  kind  will  occur  again,  as  it  is  well  understood  that  the  stock  men  of  north- 
western Colorado  have  combined  to  keep  all  sheep  out  of  that  section. 

On  the  morning  of  September  21  we  measured  Snake  River  at  Dixon,  finding  its 
discharge  to  be  19  second-feet,  that  being  not  far  from  the  point  where  it  finally 
leaves  the  Colorado  line.  Starting  for  the  Yampa  River  again,  we  made  two  or  three 
stops  when  just  across  the  Colorado  line  to  look  at  a  large  tract  of  land  which  may, 
perhaps,  be  brought  under  cultivation.  The  roads  traveled  over  on  that  day  were 
within  the  ''Four  Mile"  country,  this  being  between  the  Snake  and  Yampa  rivers, 
and  the  area  which  it  has  l)een  suggested  might  be  covered  with  a  ditch  from  Elk 
River.  There  is  much  fine  land  there,  but  most  of  it  is  scattered  in  small  tracts.  A 
ditch  is  at  present  being  constructed  from  Slater  Fork  and  other  tributaries  of  Snake 
River  to  cover  a  portion  of  the  Four  Mile  district  with  water,  principally  for  placer 
mining. 

On  September  23  we  drove  from  Emerson  Ranch,  by  way  of  Lay  post-office,  to 

Maybell,  upon  Yampa  River.     The  road  follows  Lay  Creek  and  is  surrounded  by 

high  mesas  or  plateaus  covered  with  sagebrush  and  cedar  trees.     There  are  some 

attractive  ranches  upon  this  creek,  but  the  supply  of  water  is  so  limited  that  not 

20  GEOL,  PT  4 25 


386  PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 

« 
very  much  can  be  done  in  the  way  of  irrigation.  Those  who  have  water,  however, 
are  very  fortunate  in  being  located  where  they  are  surrounded  by  an  immense  graz- 
ing country.  Most  of  them  can  raise  enough  hay  to  keep  their  stock  during  the 
winter.  We  forded  the  Yampa  River  some  distance  below  May  bell,  2  or  3  miles 
below  the  point  where  the  Maybell  Colonization  Company  expects  to  take  out  a 
ditch  to  cover  about  8,000  acres  of  land,  which  borders  the  river  upon  both  sides. 
This  land,  when  irrigated,  will  prove  very  productive.  The  cost  of  the  ditch  will 
undoubtedly  be  large,  but,  in  my  opinion,  it  will  not  be  excessive  as  compared  with 
the  body  of  land  to  be  irrigated. 

After  leaving  Maybell  we  continued  along  the  south  side  of  Yampa  River,  crossing 
at  the  Thornburg  bridge,  near  the  place  where  the  Thornburg  massacre  occurred 
several  years  ago.  At  this  point  I  measured  the  river,  finding  its  discharge  to  be  99 
second-feet.  This  is  about  the  center  of  the  lands  eventually  to  be  taken  by  the 
Maybell  colony.  Crossing  the  river  at  the  bridge  we  drove  several  miles  farther,  to 
the  house  of  Henry  Templeton. 

During  the  morning  of  September  24  we  drove  first  about  9  miles  to  the  Thompson 
Crossing  of  the  Snake  River,  a  large  part  of  the  way  being  across  a  beautiful  mesa 
which  lies  well  for  irrigation,  but  which  can  probably  never  be  irrigated,  owing  to 
its  sloping  in  the  wrong  direction  or  against  the  general  trend  of  the  geologic  strata. 
At  the  Thompson  Crossing  we  found,  to  our  surprise,  that  Snake  River  was  practi- 
cally dry,  nearly  all  the  flo.w  that  we  found  at  Dixon  having  been  lost  in  the  sands 
between  these  two  points.  The  crossing  is  upon  the  Thompson  ranch,  the  buildings 
of  Avhich  were  burned  by  the  Indians  in  the  fall  of  1897.  After  leaving  this  point 
we  drove  northwesterly  about  35  miles  without  water  until  we  reached  Vermilion 
Creek,  a  small  stream  winding  along  between  high  sandstone  walls,  some  of  which 
are  of  a  vermilion  color,  giving  the  creek  its  name.  There  was  a  small  stream 
running  here,  which  we  estimated  at  4  second-feet,  and  our  horses  as  well  as  our- 
selves were  glad  of  an  opportunity  to  drink.  Driving  several  miles  farther  we 
arrived,  a  little  after  dark,  at  Ladore  post-office,  where  we  found  the  Thompsons, 
owners  of  the  above-mentioned  Thompson  ranch,  and  other  old-timers,  from  whom 
I  gained  a  great  deal  of  information  concerning  a  possible  reservoir  site  and  irrigable 
lands  of  the  vicinity.  I  was  informed  that  there  was  a  fine  reservoir  site  upon 
Beaver  Creek,  about  30  miles  distant  from  Ladore.  There  is  a  fine  body  of  land 
consisting  of  several  thousand  acres,  which  may,  perhaps,  be  irrigated  from  this 
proposed  site,  but  I  think  that  the  same  land  could  be  covered  by  a  ditch  taken 
from  Green  River,  which  has  an  abundant  water  supply.  I  measured  the  Green  River 
on  September  24  at  Hoys  Crossing,  6  miles  below  Ladore,  finding  the  discharge  to  be 
552  second-feet. 

Mr.  Templeton  has  a  dam  and  water  wheel  for  raising  water  from  Yampa  River,  by 
means  of  which  he  can  irrigate  about  60  acres  of  land;  he  expects,  however,  to  take 
water  eventually  from  Maybell  ditch.  He  showed  us  a  fine  garden,  in  which  he 
raises  vegetables  for  his  family  and  his  few  neighbors.  After  leaving  his  ranch  we 
drove  again  to  Maybell  and  to  the  head  of  the  proposed  Maybell  ditch,  which  runs 
for  about  a  mile  along  a  rocky  canyon.  I  suggested  that  a  dam  might  be  put  across 
the  river  at  a  very  favorable  point,  as  being  less  expensive  than  the  first  mile  of  the 
ditch,  and  it  is  possible  that  the  suggestion  may  be  acted  upon. 

The  Yampa  River  is  difi'erent  from  any  other  stream  of  the  West  that  I  have  seen ; 
for  long  stretches  of  perhaps  miles  there  will  be  practically  no  fall  whatever,  the 
water  standing  at  this  time  of  the  year  in  pools  or  lakes.  The  only  perceptible  fall 
is  for  short  distances  across  bars  or  rifiles  and  for  long  distances  through  rocky  can- 
yons. It  is  in  such  a  canyon  that  it  will  be  necessary  to  find  the  location  required 
for  the  headwaters  of  a  canal  irrigating  such  lands  as  it  is  desired  to  cover.  Especi- 
ally is  this  the  case  in  the  lower  half  of  the  Yampa  Valley. 

On  our  return  to  Craig  we  drove  for  about  35  miles  across  what  are  known  as  the 
Sand  Hills,  a  desolate  country,  most  of  which  is  nearly  devoid  of  vegetation,  except- 
ing sagebrush.     A  gaging  of  the  Yampa  near  Craig  gave  a  discharge  of  79  second- 
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feet.     The  route  from  Craig  back  to  Rifle  was  over  practically  the  same  country  as 
that  covered  twelve  days  before. 

In  addition  to  possible  irrigation  enterprises  that  have  been  suggested,  there  are 
others  of  some  importance,  particularly  one  at  Lily  Park,  near  the  junction  of  the 
Snake  and  Yampa  rivers.  The  possibilities  for  development  in  this  section  of  the 
country  are  very  great,  and  I  would  recommend  that  an  eifort  be  made  to  have  regu- 
lar stations  for  measuring  discharges  at  Meeker  upon  White  River,  Craig  and 
Steamboat  Springs  upon  Yampa  River,  Trull  upon  the  Elk  River,  and  Hounold  and 
Slater  upon  Snake  River,  and  possibly  Hoys  upon  Green  River.  The  streams  men- 
tioned in  general  have  good  cross  sections  and  are  not  particularly  liable  to  change 
at  the  points  designated;  it  would  not  be  necessary,  therefore,  for  discharge  meas- 
urements to  be  taken  so  often  as  upon  the  streams  more  liable  to  change.  Observa- 
tions upon  the  Yampa  would  be  of  special  value,  as  upon  that  stream  the  proportion 
of  irrigable  land  to  the  water  supply  is  greater  than  upon  the  others,  and  Slater  is  an 
especially  important  point,  on  account  of  the  relations  of  the  two  neighboring  States 
in  having  for  some  distance  a  common  water  supply. 


Estimated  monthly  discharge  of  Green  River  at  Blake,  Utah. 
[Drainage  area,  38,200  square  miles.] 


Month. 


1898. 

.January 

February  

March 

April 

May 

.June 

July 

August 

September  .... 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

6,010 

1,140 

4,685 

6,010 

4,855 

5,  500 

6,430 

2,910 

4,657 

20,  350 

3,490 

10,  479 

23,  200 

18,  450 

20,  687 

35,  550 

20,  350 

26,  557 

27,  475 

3,805 

10,  331 

3,505 

2,020 

2,566 

3,  070 

1,160 

1,841 

1,600 

1,200 

1,460 

2,020 

1,080 

1,413 

1,400 

1,120 

1,271 

35,  550 

1,080 

7,621 

Rui 

Total  in  acre- 
feet. 

Deptli  in 
inches. 

288,  071 

0.20 

305,  454 

0.21 

286,  350 

0.20 

623,  423 

0.41 

1,  272,  002 

0.84 

1,  580,  248 

1.04 

635,  233 

0.43 

157,  778 

0.10 

109,  547 

0.08 

89,772 

0.06 

84,  079 

0.06 

78, 151 

0.06 

5,  510, 108 

3.69 

Second- 
feet  per 
square 
mile. 


0.17 
0.20 
0.17 
0.37 
0.73 
0.94 
0.37 
0.09 
0.07 
0.05 
0.05 
0.05 


0.27 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  28,  page  134; 
rating  table,  page  144;  results  for  1897  in  TVater-Supply  and  Irrigation  Paper  No.  16,  page  136,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  pages  396  to  398. 
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GUNNISON    RIVP:R. 

Gunnison  Eiver  is  the  largest  tributary  of  the  Grand,  and  drains  a 
section  of  country  adjoining  it  on  the  south,  and  is  of  a  similar  nature 
to  the  Grand,  previously  described.  Agriculture  upon  this  stream  and 
its  tributaries  is  generally  confined  to  the  valleys  along  the  streams 
and  the  adjacent  mesas. 

The  only  station  maintained  upon  this  stream  in  1898  was  that  at 
Grand  Junction,  described  in  Water-Supply  and  Irrigation  Paper  No. 
16,  page  141. 

Esiimaied  monthly  discharge  of  Gunnison  liiver  at  Grand  Junction,  Colorado. 

[Drainage  area,  7,935  square  miles.] 


Month. 


1898. 

May 

June 

July 

August 

September 
October  , . . 
November . 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

8,996 

3,965 

5,318 

11,  361 

4,158 

8,850 

3,965 

1,076 

2,543 

968 

578 

689 

578 

399 

479 

672 

399 

533 

672 

314 

497 

Runoff. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

326,  993 

0.77 

0.67 

526,  610 

1.25 

1.12 

156,  364 

0.37 

0.32 

42,  365 

0.10 

0.09 

28, 502 

0.07 

0.06 

32,  773 

0.08 

0.07 

29,  573 

0.07 

0.06 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  136; 
measurements,  page  142 ;  rating  table,  144 ;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No. 
16,  page  141,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  404  to  406. 

Sec.  ft. 
26, 000 

24, 000 

22,  000 

20, 000 

18, 000 

16,  000 

14,  000 

12,  000 

10,  000 

8,000 

6,000 

4,000 

2, 000 

0  LJ— 

I 

FiQ.  144.— Discharge  of  Gunnison  River  at  Grand  Junction,  Colorado,  1898. 
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UNCOMPAHGRE   RIVER. 


The  Uncompahgre  is  a  tributary  of  the  Gunnison,  flowing  into  it 
from  the  south  j  it  rises  among  some  of  the  highest  mountains  of  south- 
western Colorado,  and  flows  in  a  generally  northerly  direction,  at  first 
through  a  mountainous  region,  later  emerging  into  more  open  valleys, 
along  which  are  irrigable  mesas,  easy  of  access  by  irrigating  canals. 

The  waters  of  this  stream  and  its  tributaries  are  exhausted  during 
the  normal  flow  of  the  irrigating  season,  and  any  considerable  increase 
in  the  amount  of  irrigated  land  will  be  obliged  to  depend  generally 
upon  storage  for  its  sux>ply.     , 

The  Survey  station  upon  this  stream  is  located  at  Fort  Crawford, 
and  is  described  in  Water  Supply  and  Irrigation  Paper  No.  16,  page 
139,  the  observer  being  Mrs.  F.  Humphrey;  postoftice,  Uncompahgre, 
Colorado.  The  channel  of  this  stream  is  in  gravel,  and  seems  to  be 
especially  liable  to  change,  two  rating  tables  being  necessary  for  calcu- 
lations of  the  discharge  for  1898. 


Estimated  monthly  discharge  of  Uncompahgre  River  at  Fort  Crawford,  Colorado. 

[Drainage  area,  497  square  miles.] 


Month. 


1898 
April  10-30 

May  

June 

July 

August.  . . . 
September 
October  ..  . 
November  . 


Maxi- 
mum. 


478 
521 
985 
891 
274 
110 
92 
110 


'ge  in  second-feet. 

Mini- 
mum. 

Mean. 

55 

'  337 

195 

306 

436 

703 

37 

430 

15 

111 

37 

67 

46 

58 

28 

54 

Total  in  acre- 
feet. 


19, 458 

18,815 

41,831 

26, 440 

6,825 

3,987 

3,566 

3,213 


Eun-oflf. 


Depth  in 
inches. 


0.73 
0,71 
1.57 
1.00 
0.25 
0.14 
0.14 
0.12 


Second- 
feet  per 
square 
mile. 


0.66 
0.62 
1.41 
0.87 
0.22 
0.13 
0.12 
0.11 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  136; 
measurements,  page  142;  rating  table,  page  144;  results  for  1897  in  Water  Supply  and  Irrigation  Pajjer 
No.  16,  page  139,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  402  to  404. 
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Fig.  145. — Discharge  of  Uncompahgre  River  at  Fort  Crawford,  Colorado,  1898. 

DOLORES    RIVER. 

The  drainage  basin  of  Dolores  River,  above  Dolores,  Colorado,  cov- 
ers 524  square  miles  of  mountainous  country,  characterized  by  a  rugged 
topography,  the  highest  point  in  the  basin  being  Mount  Wilson,  with 
an  elevation  of  14,250  feet.  The  elevation  of  the  river  at  Dolores  is  in 
the  neighborhood  of  6,900  feet.  The  river  is  formed  by  the  conflu- 
ence of  the  West  Fork  and  the  East  Fork,  which  drain  160  and  281 
square  miles,  respectively,  and  the  latter  of  which  contributes  nearly 
two-thirds  of  the  discharge  of  the  main  river.  The  snowfall  in  this 
region  is  considerable,  so  that  the  discharge  of  the  river  in  spring  is 
very  high.  After  the  melting  of  the  snow  the  river  falls  rapidly,  reach- 
ing its  low  stage  usually  about  the  1st  of  August,  and  remaining  low 
during  the  remainder  of  the  year,  except  for  occasional  rises  caused  by 
severe  showers.  The  record,  though  extending  only  over  a  period  of 
four  years,  is  sufficient  for  a  consideration  of  the  flow  for  storage  and 
irrigation  purposes.  The  rainfall  records  of  this  period,  as  given  on 
page  399,  indicate  that  the  four  years  in  question  ofl'er  no  unusual 
features. 

DOLORES   RIVER   AT   DOLORES,  COLORADO. 

The  gaging  station  on  Dolores  River,  shown  in  PI.  XL,  A,  is  located 
about  one-half  mile  above  the  railroad  depot  at  Dolores,  Colorado. 
The  gage  consists  of  a  vertical  2  by  6  inch  plank  bolted  to  the  abut- 
ment of  a  footbridge  on  the  left  side  of  the  river,  the  observer  being 
Mrs.  Mary  D.  Smith.  The  records  obtained  at  this  point  have  been 
published  in  the  annual  reports,  in  Bulletin  Ko.  140,  and  in  Water- 
Supply  and  Irrigation  Papers  Nos.  11  and  16.     In  the  accompanying 
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tables  are  given  the  daily  mean  discharges  in  cubic  feet  per  second 
throughout  the  entire  period  of  observation,  and  the  same  are  repre- 
sented in  graphic  form  in  fig.  146. 

Estimated  monthhj  discharge  of  Dolores  River  at  Dolores,  Colorado. 

[Drainage  area,  524  square  miles.] 


Month. 


1895. 
June  23-30 

July 

August. ... 
September 

October 

November . 
December  . 


1896. 


January... 
February  . 

JMarch   

April 

IMay 

June 

.July 

August. .. . 
September 
October  . . . 
November  . 
December  . 


June 

'July 

August 

September  .. 

October 

November 

December 

The  vear 


Discbarse  in  second-feet. 


Maxi- 
mum. 


490 
548 

177 

97 

405 

605 


557 
1,578 
1,452 
781 
480 
180 
176 
180 
618 


1 


The  year  .... 

1897\ 

January  

February  

March  ' 

April !     2,944 

May  2,838 


2,521 
608 
235 
852 
570 
235 


Mini- 
mum. 


127 

97 
68 
68 
42 
281 


96 

144 

373 

44 

44 

8 

28 

96 

36 


235 

1,991 

570 

186 

76 

76 

235 

108 


Mean. 


702 
270 
248 
99 
79 
134 
419 


«300 

a  300 

244 

747 

952 

263 

130 

38 

195 

113 

179 

a  200 


306 


a  200 

a  200 

a  200 

1,483 

2,436 

1,465 

368 

148 

394 

391 

172 

a  120 


631 


11 
16 
15 

5 
4 

7 
26 


18 

16 

15 

44 

58 

15 

7 

2 

11 

6 

10 

12 


220 


12 
11 
12 

88 

149 

87 

22 

9 
23 
24 
10 

7 


457 


139 
602 
249 
891 

858 
974 
378 


446 
661 
003 
450 
905 
650 
994 
337 
604 
948 
651 
298 


947 


298 
107 
298 
244 
785 
173 
628 
100 
445 
042 
235 
379 


734 


Run  off. 


Total  in  acre- 
feet.  ! 


Depth  in 
inches. 


0.40 
0.60 
0.54 
0.21 
0.17 
0.29 
0.92 


0.66 
0.59 
0.54 
1.60 
2.10 
0.56 
0.29 
0.08 
0.41 
0.25 
0.38 
0.44 


7.90 


0.44 
0.40 
0.44 
3.15 
5  37 
3.12 
0.81 
0.32 
0.83 
0.86 
0.37 
0.26 


Second 

feet  per 

square 

mile. 


1.34 
0.52 
0.47 
0.19 
0.15 
0.26 
0.80 


16.37 


0.57 
0.57 
0.47 
1.43 
1.82 
0.50 
0.25 
0.07 
0.37 
0.22 
0.34 
0.38 


0.58 


0.38 
0.38 
0.38 
2.83 
4.65 
2.80 
0.70 
0.28 
0.75 
0.75 
0.33 
0.23 


1.20 


a  Approximate. 
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Estimated  monthly  discharge  of  Dolores  River  at  Dolores,  Colorado — Coutiimed. 

[Drainage  area,  524  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January 

February 

March 

April 

May 

June 2,  030 

July ;     1,229 

August i        228 

September ;         293 


Mini- 
mum. 


1,978 

1,874 


October ... 
November. 
December 


50 
72 


The  year 


198 

912 

784 

144 

102 

34 

34 

34 


Mean. 


al50 

also 

a200 

1,092 

1,207 

1,510 

490 

120 

78 

37 

48 

alOO 


Total  in  acre- 
feet. 


Eun-off. 


Depth  in 
inches. 


432 


9,223 

8,331 

12,  298 

64,  978 

74,  215 

89,  851 

30, 129 

7,379 

4,641 

2,275 

2,856 

6,149 


312,  325 


0.33 
0.30 
0.44 
2.32 
2.66 
3.21 
1.08 
0.26 
0.17 
0.08 
0.10 
0.22 


11.17 


Second - 
feet  per 
square 
mile. 


0.29 
0.29 
0.38 
2.08 
2.30 
2.88 
0.94 
0.23 
0.15 
0.07 
0.09 
0.19 


0.82 


a  Approximate. 

ISTOTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  ISTo.  28,  page  138; 
measurements,  page  142 ;  rating  table,  page  144 :  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  143,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  pages  407  to  409. 

Sec.-ft. 
6,000 

5,500 


Fig.  146.— Discharge  of  Dolores  River  at  Dolores,  Colorado,  1895-98. 
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SAN  MIGUEL  RIVER. 


San  Miguel  Eiver  rises  in  the  San  Miguel  Mountains  and  flows  in  a 
general  northwesterly  direction,  emptying  into  the  Dolores,  of  which 
it  is  the  largest  tributary.  The  river  runs  through  an  exceedingly 
mountainous  country,  and  very  little  irrigation  is  practiced  upon  the 
stream,  but  the  water  is  used  very  extensively  for  generating  power 
for  the  various  mining  camps  of  that  section. 

The  gaging  station  upon  this  stream  has  been  maintained  at  Fall- 
creek,  near  Sawpit,  shown  in  PL  XLI,  B  and  is  described  in  Water- 
Supply  and  Irrigation  Paper  No.  16,  page  142,  the  observer  being  Mrs. 
H.  H.  Hart,  whose  post-office  address  is  Sawpit,  Colorado. 

Estimated  monthly  discharge  of  San  Miguel  River  at  Fallcreek,  Colorado. 

[Drainage  area,  327  square  miles.] 


Month. 


1898. 
April  11-30. 

May 

June 

July 

August 

September  . 

October 

November.. 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

272 
296 

545 

196 

1,335 

571 

813 

760 

109 

380 

183 

109 

133 

121 

66 

89 

66 

30 

50 

66 

22 

40 

Total  in  acre- 
feet. 


16, 185 

18,  200 
48,  377 
23,  365 
8,178 
5,296 
3,074 
2,380 


Run-off. 


Depth  in 
inches. 


0.92 
1.04 
2.79 
1.34 
0.47 
0.30 
0.17 
0.13 


Second- 
feet  per 
square 
mile. 


0.83 
0.90 
2.49 
1.16 
0.41 
0.27 
0.15 
0.12 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  137; 
measurements,  page  142;  rating  table,  page  144.  Results  for  1897  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  142,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  406  to  407. 

Observations  at  this  point  were  begun  in  June,  1895,  the  results  for 
that  year  being  given  in  Bulletin  No.  140,  on  page  193.  The  station  has 
been  maintained,  figures  for  1896  being  given  in  the  Eighteenth  Annual 
Eeport,  Part  lY,  on  page  264,  and  for  1897  in  the  Nineteenth  Annual 
Eeport,  Part  lY,  on  page  406.  The  above  table  and  the  following  dia- 
gram (fig.  147)  give  similar  results  for  1898. 
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Fig.  147.— Discharge  of  San  Miguel  River  at  Fallcreek,  Colorado,  1898. 
VARIATIONS  IN  PRECIPITATION   IN   SOUTHWESTERN   COLORADO. 

In  order  to  discuss  the  fluctuations  of  discharge  of  various  rivers  in 
southwestern  Colorado,  particularly  Dolores,  Mr.  Gerard  H.  Matthes 
has  brought  together  the  precipitation  data  for  ten  stations  where  the 
rainfall  records  are  most  complete.  By  an  examination  of  these  it 
appears  that  for  the  years  1895  to  1898,  inclusive,  there  are  apparently 
no  abnormal  conditions.  The  following  tables  give  for  each  locality 
the  normal  or  average  by  months  for  the  entire  period  during  which 
observations  have  been  made,  and  also  the  monthly  and  annual  rainfall 
since  1895 : 


Normal  and  monthly  precipitation  at  points  in  southwestern  Colorado. 
BRECKENRIDGE,  SUMMIT  COUNTY,  COLORADO,  ELEVATION  9,524  FEET. 


Year. 


Normal , 

1895 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June 
0.94 

July. 

Aug. 

Sept. 

Oct. 

Nov, 

Dec. 

1  92 

3.88 

3.60 

3.33 

2.61 

2.79 

2.02 

1.20 

1.47 

3.00 

3.10 

3  29 

2.31 

2  37 

1.88 

4.39 

1.81 

2.43 

3.62 

1.11 

1.95 

1.76 

2.67 

1,88 

1.89 

4.83 

0.60 

1.47 

0.30 

3.10 

2.29 

2  25 

0.82 

3.87 

0:73 

2.90, 

1.99 

3.53 

4.00 

1.54 

1.53 

1.70 

2.27 

1.16 

1.02 

0.60 

2.25 

0  29 

0.59 

1.16 

1.53 

0.46 

1.14 

2.19 

1.59 

0.38 

1.53 

4  09 

1.34 

Annual. 


GUNNISON,  GUNNISON  COUNTY,  COLORADO,  ELEVATION  7,558  FEET. 


29.86 
25.59 
24.03 
24.49 
16.29 


Normal 
1895.... 
1896.... 

1897 

1898 


0.95 

0.80 

0.61 

0.88 

0.52 

0.31 

1.36 

0.99 

0.47 

0,49 

1.22 

1 
0.46 

2  79 

0.32 

0.22 

0.10 

1.80 

0.58 

1.86 

1.14 

0.28 

1.33 

1.00 

0.90 

1.21 

0.12 

0.25 

0.00 

0.01 

0.00 

1.37 

0.92 

0.99 

T. 

0.90 

0  50 

0.60 
0.28 

1.00 
0.33 

1.39 

2  01 
1.93 

0.90 
0.68 

1  50 
0.06 

1.24 
0.13 

1.06 

0.30 
0.30 

9.06 

12.32 

6.27 
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Normal  and  monthly  precipitation  at  points  in  southwestern  Colorado — Continued. 
EICO,  DOLORES  COUNTY,  COLORADO,  ELEVATION  8,737  FEET. 


Year. 


Normal . . . 

1895 

189G 

1897 

1898 


Jan. 


2.78 
7.20 
2.40 
3.26 
3.10 


Feb. 


4.25 
3.63 
L40 
5.60 
1.35 


Mar. 


3.34 
1.81 
2.10 
6.40 
3.80 


Apr. 


May 


1.21 
0.33 
1.20 
1.66 
2.62 


2.09 
1.76 
0.35 
4.15 
3.82 


June. 


0.68 
1.58 
0.59 
0.98 
1.60 


July. 


2.58 
2.97 
4.13 
2.41 
3.10 


Aug. 


Sept. 


2.27 
3.60 
2.32 


4.13 


2.55 
1.33 
4.46 
5.80 
0.88 


Oct. 


1.08 
0.20 
2.20 
2.82 
0.15 


Nov. 


1.03 


2.40 
1.60 
0.85 


Dec. 


2.58 
2.75 
1.70 
2.02 


AnnuaL 


26.44 


25.25 


DURANGO,  LA  PLATA  COUNTY,  COLORADO,  ELEVATION  6,534  FEET. 


Normal. 

1895 

1896 

1897 

1898.... 


1.67 

1.95 

1.33 

1.44 

1.12 

0.54 

2.00 

1.60 

2.05 

2.29 

1.19 

2.21 

2.10 

1.38 

T. 

T. 

0.99 

0.37 

1.78 

2.81 

0.92 

1.80 

2.22 

1.20 

0.50 

0.53 

0.55 

0.05 

1.30 

1.76 

3.59 

3.61 

1.08 

0.86 

2.61 

3.70 

2.72 

0.45 

3.22 

0.40 

1.38 

0.93 

3.55 

3.89 

0.09 

1.99 

2.21 

0.45 

1.17 

1.67 

L33 

0.62 

3.46 

0.89 

0.30 

0.07 

0.88 

3.22 

19.39 


24.93 
16.27 


DELTA,  DELTA  COUNTY,  COLORADO.  ELEVATION  4.980  FEET. 


Normal 

1895 

1896 

1897 

1898 


0.60 

0.86 

0.81 

0..32 

0.39 

0.23 

1.10 

0.81 

1.01 

0.70 

0.60 

0.67  1 

L15 

0.04 

0.23 

0.20 

0.03 

0.66 

1.16 

0.97 

0.65 

0.43 

1.55 

0.00 

0.65 
0.49 

0.60 
2.19 

0.02 
1.50 

0.00 
0.05 

0.18 
0.65 

0.00 
0.76 

1.50 
0.90 

0.79 
0.46 

2.13 
2.47 

0.35 
0.25 

L75 

0.40 

0.28 

0.10 

0.21 

0.58 

0.83 

0.40 

0.95 

0.51 

0.55 

0.05 

0.18 

0.08 

8.10 

7.07 

11.87 
4.72 


GRAND  JUNCTION,  MESA  COUNTY,  COLORADO,  ELEVATION  4,594  FEET. 


Normal 
1895.... 

1896 

1897 

1898.... 


0.63 

0.61 

0.86 

0.72 

0.65 

0.  16 

0.80 

1.10 

1.03 

0.97 

0.67 

0.43 

1.24 

0.80 

0.62 

0.14 

0.35 

0.37 

1.43 

2.24 

0.25 

0.92 

2.39 

0.10 

0.37 

0.05 

0.27 

0.18 

0.51 

0.01 

0.43 

1.01 

3.78 

0.79 

0.49 

0.33 

LOO 

0.80 

L05 

1.12 

0.62 

0.40 

0.98 

1.05 

1.53 

1.82 

0.33 

0.40 

0.55 

1 

T. 

1.05 

0.92 

1.40 

0.05 

T. 

0.57 

0.10 

0.25 

0.25 

0.31 

8.63 
10.85 

8.22 
ILIO 

5.45 


MONTROSE,  MONTROSE  COUNTY,  COLORADO,  ELEVATION  5,811  FEET. 


Normal 

1896 

1897 


0.69 

0.83 

0.90 

1.13 

0.69 

0.20 

0.96 

L21 

1.06 

0.80 

0.63 

0.74 

0.84 

0.60 

0.34 

0.36 

0.13 

0.18 

0.48 

0.37 

1.66 

0.68 

0.38 

0.45 

0.62 

2.14 

3.41 

0.97 

1.50 

0.43 

L89 

0.35 

2.45 

1.11 

9.84 
6.47 


PARACHUTE,  GARFIELD  COUNTY,  COLORADO,  ELEVATION  5,105  FEET. 


Normal 

1895 

1896 

1897.... 
1898.... 


0.78 

0.72 

1.21 

0.88 

0.76 

0.38 

0.81 

0.83 

1.30 

0.78 

0.76 

0.95 

1.65 

0.20 

1.40 

0.75 

0.31 

0.57 

1.58 

0.45 

0.89 

0.71 

2.28 

0.55 

0.38 

0.04 

0.13 

0.21 

0.70 

1.27 

4.12 

0.65 

0.86 

1.20 

1.52 

1.82 

0.67 

3.98 

0.66 

1.05 

0.80 

1.52 

2.55 

0  57 

0.20 

0.26 

0.00 

0.85 

0.42 

1.09 

0.23 

0.98 

0.70 

0.70 

10.16 
11.34 


SURFACE  CREEK,  DELTA  COUNTY,  COLORADO,  ELEVATION  6,175  FEET. 


1895. 
1896 
1897. 
1898. 


1.09 

1.46 

1.47 

0.60 

0.99 

0.46 

0.97 

1.22 

1.46 

0.81 

0.56 

1.06 

2.90 

1.10 

0.80 

T. 

0.45 

1.33 

1.28 

2.12 

1.27 

1.45 

1.93 

0.55 

L12 

1.00 

0.68 

0.05 

0.70 

0.16 

0.80 

0.93 

2.99 

0.44 

0.16 

0.30 

0.95 

1.70 

2.10 

1.23 

1.23 

1.01 

0.82 

0.50 

2.25 

1.79 

0.45 

1.02 

0.57 

0.50 

L06 

LIO 

2.79 

0.33 

1.27 

0.62 

0.37 

0.20 

0.43 

0.24 

12.15 
15.  18 

9.33 
15.05 

9.48 
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Xormal  and  monthly  precqntation  at  points  in  southwestern  Colorado — Continued. 
T.  S.  KAKCH,  (a)  MESA  COUNTY,  COLORADO,  ELEVATION  5,200  FEET. 


Year. 


Normal .. 

1895 

1896 

1897 

1898 


Jan. 


0.83 
1  50 
0.50 
1.32 
0.51 


Feb. 


0.75 
0.83 
0.21 
1.45 
0.07 


Mar, 


1.22 

0.60 

0.07 

1.88' 

1.30 


Apr. 


0.64 
0.20 
0.07 
1.15 
0.65 


Muv. 


0.92 
0.51 
0.39 
0.55 
2.20 


June.!  July 


0.23 
0.81 


0.28 
0.15 


1.02 
1.73 
0.85 
1.73 
0.49 


Aug. 


L34 
1.40 
0.45 
0.94 
1.29 


Sept. 


1.41 

1.00 
5.14 
1.87 
0.12 


Oct. 


1.12 
1.20 
0.80 
1.88 
0.58 


Nov. 


0.63 
1.35 
0.40 
0.86 
0.40 


Dec. 


0.79 
0.45 
0.57 
0.54 
0.61 


Annual. 


10.90 
11.38 


14.45 
8.37 


a  Nine  miles  from  Whitewater  i)o.st-ofiBce. 

From  the  above  tables  there  have  been  computed  departures  from 
the  normal  rainfall  at  these  ten  stations  by  months.  These  are  given 
in  the  following  tables,  the  excess  or  deficiency  for  each  month  being 
indicated  by  a  plus  or  minus  sign.  The  mean  values  for  each  year 
indicate  whether  the  precipitation  during  any  one  month  or  year  was, 
as  a  whole,  greater  or  less  than  the  average.  For  example,  February, 
March,  April,  September,  and  December,  of  1895,  were  months  of  defi- 
cient rainfall,  according  to  the  averages  for  the  ten  stations,  but  the 
year  as  a  whole  had  a  i)recipitation  slightly  above  the  average.  For 
the  year  1896  the  precipitation  was  below  the  average  up  to  September, 
excepting  for  the  mouth  of  July,  and  the  year  as  a  whole  showed  a 
deficiency  of  over  2  inches.  On  the  other  hand,  during  1897  there  was 
nearly  4  inches  more  than  during  ordinary  years,  and  for  1898  a  defi- 
ciency of  about  the  same  amount: 


Departures  from  normal  rainfall  at  ten  stations  in  southwestern  Colorado  for  the  years 

1895, 1896, 1897,  and  1898. 


Station 


1895. 
Breckenridge 
Gunnison 


Durango 

Rico 

Delta 

Grand  Junction 

Montrose  a 

Parachute 

Surface  Creek  . . 
T.  S.  Ranch 

Mean 


1896. 
Breckenridge  . . 

Gunnison 

Durango 

Rico 

Delta 

Grand  Junction 


Jan. 


+1.37 

+  1.84 


Feb. 


-1.57 
-0.48 


+  0.43—0.57 

i 
+  4.42—0  62 

I 
-fO.  551-0.82 


+  0.61 


+  0.19 


+0  87-0.52 


+  1  81 

+0,  67 


— 0  36 
+  0.08 


+  1.40 


-0  52 


_0.  04— 1.99 
+  0.26—0.68 
-1  17 


Mar. 


—1.23 
—0.39 
-1.33 
—1.53 
—0.58 
—0.24 


Anr. 


-1.45 
-0.78 
-1.44 
-0.88 
-0.12 
-0.58 


May. 


+0.19 

-rO.67 

-0.62 


-0.13 
-0.60 
-0.44 


-0.71—0.71 


+  1.23—2.73 
— O.Se'— 0.88 
—0.  80  -0.  89 
0.38—2.85—1.24-0.01 
+  0.  05  —0  26-0.  79—0.  32 


+  1.78 
+  1.28 
—0.13 
— 0.  33 
-0.36 
—0.30 


June. 


—0.45 
— 0  54 
-0.41 


+  0.06 


+0.87 
+  0.27 
-0.17 
+0.90 
+  0.43 
+  0.19 


July. 


+0.19 

+0,87 
+0.58 


-0.30 
+0.50 
-0.22 
+0.39 
+0.06 
+0.63 


+0.77 
+0.31 
+0.71 


-L14 


+  0,46+0.31 


-0.26 


-0.  56—0.  59  —0.  54 


— 0.  51  —0.  31 

—1.07 

-1.74 

—0.21 

—0.14 


-0.64+0.31 
+0.01 
—0.70 


—0.09 


+  1.55 


—0.23+0.40 
— 0. 15—0. 37 


Aug. 


+  1.60 
+0.15 
+  1.21 
+1.33 
+0.16 
+  1.14 


—0.38 
+0.90 
-1-0.06 


+  0.69 


+  0.27 
-0.07 
+0.16 
+  0.05 
-  0. 02 
—0.09 


Sept. 


Oct. 


-0.09+0.48 
-0. 19 -h  0.84 
-1.13-0.49 
-1. 22  -0. 88 
-0.361-0.27 


Nov. 


Dec. 


—1.24—0.43 
-0.22+0.44 
+1.03—1.01 

+0.17 

+0. 95—0. 67 
0.78— 0.05!  + 1.72 —0.33 


-0.41 
-0.19 
-0.41 


-0.53 


+  L05 
+0.52 
+  1.54 
+L91 
+  1.12 
+  2.75 


-0.07 
+0.64 
+0.08 


+  0.03 


+  1.42—0.40 
+  1.37—0.51 
+  0.72—0.34 


+0.72 


—0.65+0.87 
-0.  49-0.  32 
+  1.32—0.11 
+  1.12+L37 


—0.18 


-0.34 


—0.18 


-2.37 
+0.04 
— L35 
—0.88 
-0.32 
—0.10 


Year. 


—4.27 
+  3.26 


— L03 

+2.22 


+1.18 
+3.03 
+0.48 


+  0.86 


—5.83 
-2.79 


—1.19 


—0.41 
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Departures  from  normal  rainfall  at  ten  stations  in  southwestern  Colorado  for  the  years 

1S95, 1S96, 1897,  and  ic?P5— Continued. 


Statiou. 


1896. 

Montrose 

Parachute 

Surface  Creek.. 
T.S.  Ranch 


Mean  . . . . 

1897. 
Breckenridge  .. 
Gunnison 


Durango 


Rico 

Delta 

Grand  Junction 

Montrose 

Parachute 

Surface  Creek.. 
T.S.  Ranch 


Mean 


1898. 
Breckenridge  .. 

Gunnison 

Durango 

Rico 

Delta 

Grand  Junction 

Montrose  a 

Parachute 

Surface  Creek.. 
T.S.  Ranch 

Mean 


Jan. 


+  0.15 
-0.40 
+0.03 
—0.33 


—0.21 


+0.98 
—0.35 
+  0.94 
+0.48 
-0.11 
—0.37 
-0.07 
+0.74 
—0.14 
+  0.49 


+0.26 


—1.63 
—0.67 
+0.54 
+0.32 
—0.32 
—0.08 


-0.52 
-0.52 
-0.32 


—0.46 


Feb. 


-0.23 
-0.68 
-0.46 
-0.54 


—0.92 


— 1. 
+0. 
+1. 
+1. 
+1. 
+0. 
+  1. 
+  1. 
+  0. 
+  0. 


89 
20 
75 
35 
33 
19 
31 


Mar. 


-0.56 

-0.79 
-1.15 


-0.56 


— 0. 

+0, 

+1. 
+3, 
+0, 
+  0, 

+2. 


10—0, 

24+0, 
70+0, 


+0.63 


-3.29 
-0.47 
-1.50 
-2.90 


07 
78 
39 
06 
69 
19 
51 
54 
63 
66 


+  0.93 


-2.44 


-0.16 
+0.46 


— 0. 76—0.  60 


-0.61 


+  0.19 


-0. 72  —0. 36 
-0. 96  —0. 41 


—0.68 


—1.32 


+0.08 


—0.40 


Apr. 


-0.77 
-0  75 
-0.55 
-0.57 


-0.80 


+0.67 


— 0. 
+0. 
-0. 
+0. 
-0. 
+3. 
+0, 
+  0. 


99 

45 
27 
40 
16 
10 
63 
51 


+  0.48 


-1.80 


+  0.23 


May. 


-0.56 
-0.55 
-0.  29 
-0.  53 


-0.67 


—1.07 


+2. 
+2. 
+0. 
— 0. 
+0. 
— 0. 
+  0. 
— 0. 


10 
06 
26 
03 
81 
10 


June. 


-0. 02 
+0.32 
—0.30 


—0.17 
-0.17 


—0.18 


-0.59 


— 0. 
+0. 
+0. 

+  0. 
+  0. 
+0. 


24+0. 

37+0. 

I 


14 
30 
53 
24 
23 
67 
55 
05 


July. 


-0.48 


+  0.04 


— 1. 

+  0. 
— 0. 
— 0. 
— 0. 
+0. 
+0. 
-0. 
— 0. 
+0. 


09 
65 
62 
17 
20 
18 
93 
01 
15 
71 


+0.43+0.20+0.02 


—2. 15  +0.  20—0.  60 
+0.57 

+0.08+1.46 


+0.21 


+  1.41+1.73+0.92 
+0.26+0.44+0.17 
+  0.20+0.75—0.11 


+  0.50+1.80 


-0.13 


+0.52 
-0.15 
—0.80 


—0.39 
+9.30 


+0.  Ol!  +  l.  28—0. 08—0. 53 


fO.  12 +0.58 +0.15: +0.04 


Aug. 


Sept. 


-0.  84  +0.  60 

f0.44'+2.82 

—0.29+1.53 

0.89+3.73 


-0. 13  +1.  76 


+  0.25—0. 
-0.09+1. 
—0.67+1. 

+3. 

—0.35+1. 
—0.05+0, 
—0.86+1, 
+0.69+1, 
—0.72+0, 
-0.40+0, 


—0.24 


—0.43 
— 0.  31 
—0.71 
+  1.86 
—0.30 
—0.53 


+0.26 
—0.60 
—0.05 


04 
03 
50 
25 
46 
50 
39 
25 
79 
46 


+  1.16 


Oct. 


—0.12 
—0.13 
-0.37 


Nov. 


Dec. 


—0.25—0.29 
+0.10+0.25 
_0. 40—0.  76 


—0.32—0,23—0.22 


+0.02+0.09-0.60 


Year. 


-3.37 


-2.82 


-2.16 


— 0. 45  —2. 40 

+0.75 

+  1.60—1.10 

+  1.74+0.57 

+  1.05-0.20 

+0.85 

+  0.31 

-0.21 

+  0.98 

+  0.76 


0.85 
0.16 
0.22 
0.  56 
0.42 
— 0.  34  —0. 03 


-5.37 


—0.22+5.54 


+3.77 
+2.47 


-0.56 

-0.11 
+0.23 


-0.04 
-0.25 


+0.74—0.49—0.32 


-0  82 
—0.41 
-1.75 
—1.67 
—0.46 
-0.93 


+0.06+1.09—1.76 
-0.36-0.16-0.16 
-2.22—0.31+1.01 

—0.93-0.18 

-0.65—0.42,-0.59 


+2.90 
+  3.55 


+  3.80 


—0.72 


-1.07+0.20 
-1.  09  —0.  61 


-1.29 


-0.091  —  1.05—0.64 


—0.54 


-0.42—0.12 


— 0.  06  -0.  25 
—0.13—0.82 


-13.57 


-3.12 


-3.38 
—3.18 


-2.67 


-0.23—0.18—2.53 


-0.  09—0.  36  —3.  52 


a  Discontinued. 


The  above  tables  indicate  that  none  of  the  four  years  were  abnor- 
mally dry  nor  wet^  so  far  as  the  rainfall  data  were  concerned.  These 
facts  are  corroborated  by  the  following  diagram,  fig.  148,  showing  graph- 
ically the  rainfall  during  the  period  from  1880  to  1898,  as  observed  at 
Santa  Fe,  Kew  Mexico,  Fort  Wingate,  New  Mexico,  and  Salt  Lake  City, 
Utah.  These  stations  have  been  selected  because  of  the  fact  that  they 
are  the  nearest  stations  giving  a  long  record.  An  inspection  of  the 
records  of  the  flow  of  various  rivers,  such  as  the  Arkansas  at  Canyon 
City,  Colorado;  the  Eio  Grande  at  Embudo,  New  Mexico,  and  at  Del 
Noite,  Colorado,  bear  out  the  same  conclusions,  namely:  That  the  years 
1895  to  1898,  inclusive,  were  not  notably  different  from  those  of  the  pre- 
ceding decade.  These  facts  are  of  importance  in  consideration  of  the 
available  water  supply  of  Dolores  Eiver  in  the  development  of  storage 
projects. 
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I'IKUIIA   RINEIJ. 

EHtimated  month li/  dischar(fe  of  Piedra  River  at  Arholes,  Colorado. 

[Draiuage  awn,  670  sciuaro  miles.] 


Montli. 


1898 

April 

May 

June 

July 

August 

September 
October  . . . 
November. 


Discbarge  in  secoml-ieet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

/ 

1,599 

361 

978 

1,564 

614 

966 

1,564 

614 

1,211 

1,390 

229 

585 

246 

106 

149 

165 

52 

89 

165 

52 

70 

52 

27 

37 

Total  in  acre- 
feet. 


liun-ott'. 


Depth  in 
inches. 


58, 

1 

] 

195 

59, 

397 

72, 

059 

35, 

970 

9, 

162 

5,296 

4, 

304 

2, 

202 

1.63 
1.66 
2.02 
1.00 
0.25 
0.14 
0.12 
0.07 


Second - 

feet  ];er 

square 

mile. 


1.46 
1.44 

1.81 
0.87 
0.22 
0.13 
0.10 
0.06 


Note. — Gage  heights  for  1898  are  given  in  Water- Supply  and  Irrigation  Paper  No.  28,  page  139; 
measurements,  page  142 ;  rating  table,  page  145 ;  results  for  1897  in  Wat(ir-Supply  and  Irrigation  Pajjer 
No.  16,  page  145,  and  in  the  ]Nineteenth  Annual  Report,  Part  IV,  pages  411  to  413. 
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Fig.  150.— Discharge  of  Piedra  Eiver  at  Arboles,  Colorado,  1895-98. 
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ANIMAS    RIVEK. 

Estimated  monthly  discharf/e  of  Animas  River  at  Dnrango,  Colorado. 

[Drainage  area,  812  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January 

February  

March  

April 2,910 

May  '     3,664 

June 4,677 

July 3,  220 

August 502 


Sej)tember 

October 

November  . 
December  . 


The  year 


442 
177 
214 


Mini- 
mum. 


412 

1,  255 

2,125 

502 

.303 

160 

160 

125 


Mean. 


a  378 

a  267 

a  306 

1,510 

1,765 

3,431 

1,364 

364 

263 

161 

158 

a  250 


851 


Total  in  acre- 
feet. 


a  23,  242 

a  14,  828 

a  18,  816 

89,  851 

108,  526 

204, 158 

83,  870 

22,  382 

15,  650 

9,900 

9,402 

a  15,  372 


615,  997 


Hun-oft". 


Depth  in 
inches. 


a  0.  54 

a  0.34 

a  0.44 

2.08 

2.50 

4.72 

1.94 

0.52 

0.36 

0.23 

0.22 

a  0.36 


Second- 
feet  per 
square 
mile. 


14.25 


a  0.47 

a  0.33 

a  0.38 

1.86 

2.17 

4.23 

1.68 

0.45 

0.32 

0.20 

0.20 

a  0.31 


1.05 


a  Approximate. 
Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  139; 
measurements,  page  142 ;  rating  table,  page  145 ;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper 
No.  16,  page  146,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  414  to  415. 
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Fig.  151. — Discharge  of  Animas  River  at  Dnrango,  Colorado,  1898. 
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MANGOS    KIVEK. 

Maiicos  station,  on  Maucos  River,  was  established  April  9,  1898,  by- 
Mr.  A.  L.  Fellows,  at  a  point  about  100  feet  below  a  wagon  bridge  near 
the  center  of  the  town  of  Mancos.  The  wagon  bridge  can  be  used  for 
gaging  when  the  water  is  high,  but  ordinarily  gagings  are  made  by 
wading.  The  location  of  the  station  gives  about  the  amount  of  water 
not  used  or  stored,  and  the  principal  reason  for  its  establishment  was 
to  ascertain  the  amount  of  water  lost  that  might  be  stored  for  bene- 
ficial uses,  the  water  supply  running  short  usually  by  the  1st  of  July. 

Estimated  monthly  discharge  of  Mancos  River  at  Mancos,  Colorado. 

[Drainage  area,  117  square  miles.] 


Month. 


1898. 
April  10-30. 

May 

June 

July 

August 

September  . 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

261 

206 

270 

144 

291 

144 

213 

333 

2 

104 

12 

8 

9 

12 

3 

6.7 

Total  in  acre- 
feet. 


15,  531 

12,  667 

12,  674 

6,395 

553 

399 


Run-off. 


Depth  in 
inches. 


2.49 
2.03 
2.03 
1.02 
0.09 
0.07 


Second- 
feet  per 
square 
mile. 


2.23 
1.76 
1.82 
0.89 
0.08 
0.06 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  I^o.  28,  page  137; 
measurements,  page  142,  and  rating  tahle,  page  144. 

The  chief  interest  in  connection  with  the  results  obtained  at  this 
river  station  is  that  which  has  to  do  with  the  question  of  water  supply 
for  the  diminished  reservation  of  the  Southern  Utes.  The  details  of 
the  investigation  made  in  1898  are  given,  beginning  on  page  408  of 
this  volume.  The  results  of  the  examination  show  that  in  case  water 
can  not  be  had  from  Dolores  River  it  may  j)ossibly  be  practicable  to 
store  some  of  the  surplus  or  flood  waters  of  Mancos  Eiver  at  points 
below  the  town  of  Mancos,  if  suitable  reservoir  sites  can  be  found. 
The  figures  given  in  the  above  table  show  that  a  considerable  volume 
of  water  is  available  for  storage  in  reservoirs  of  small  size.  The 
question  of  water  conservation  on  adjacent  streams  is  discussed  on 
page  432,  following. 
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GILA  RIVER. 

Gila  Eiver  is  the  most  southerly  of  the  large  tributaries  of  Colorado 
River.  It  rises  in  New  Mexico  and  flows  westerly  across  Arizona.  It 
passes  alternately  through  narrow  canyons  and  out  upon  valleys,  where 
its  waters  are  diverted  for  irrigation.  The  development  of  agriculture 
by  this  means  has  been  so  extensive  that  all  of  the  available  summer 
flow  is  iised,  and  there  is  need  of  additional  water  to  bring  extensive 
tracts  of  fertile  land  under  cultivation.  The  floods  of  this  river,  as 
shown  by  the  diagrams  of  discharge,  are  very  irregular,  and  although 
considerable  volumes  are  discharged  at  such  times,  these  come  so  sud- 
denly that  they  can  not  be  of  much  use  to  the  farmer.  The  regulation 
of  the  flow  of  the  main  stream  and  its  tributaries  by  water  storage  is 
urgently  needed  in  order  to  utilize  the  lands  now  vacant.  The  topo- 
graphic conditions  are  peculiarly  lavorable  to  water  conservation,  as 
there  are  many  localities  where  dams  of  moderate  size  can  be  con- 
structed, impounding  large  quantities  of  water.  Surveys  of  reser- 
voirs along  this  stream  have  l?een  authorized  by  the  act  of  July  1, 
1898  (Stat.  L.,  Vol.  30,  page  594).  On  PI.  XLIII  are  shown  two  of  the 
localities  where  the  river  enters  a  narrow  gorge.  Above  both  of  these 
gorges  the  river  valley  widens,  being  comparatively  flat,  so  that,  except 
for  the  depth  to  bed  rock  at  the  dam  sites,  the  conditions  are  highly 
favorable  for  the  construction  of  storage  reservoirs.  The  results  of  the 
surveys  have  been  prepared  for  publication  in  Water-Supply  and  Irri- 
gation Paper  No.  33,  where  is  given  also  results  of  measurements  at 
Buttes  and  Queen  Creek. 

Buttes  station,  on  Gila  River,  is  described  on  page  147  of  Water- 
Supply  and  Irrigation  Paper  No.  16;  results  are  given  on  pages  415  to 
417  of  the  Nineteenth  Annual  Report.  Part  TV.  Gage  heights  are 
given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  140,  and 
measurements  on  page  142. 

SALT    RIVER, 

The  principal  tributary  of  Gila  River  is  Salt  River.  This  has  been 
measured  for  a  number  of  years  near  its  junction  with  the  Verde  River, 
at  a  point  about  30  miles  above  Phcenix.  The  measurements  at  this 
point  and  those  of  Verde  River  have  been  made  by  Mr.  W.  A.  Parish. 
The  results  are  given  in  the  following  table  (p.  406). 
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Estimated  monthly  dischavf/e  of  Salt  lUrer  at  McDowell,  Arizona. 
[Drainage  area,  6,260  square  miles.] 


Moil  til. 


1898. 

January   

February  

March  

April 

May 

Jnne 

J"iy 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,146 
782 
903 

1,126 
741 
377 
851 

1,275 
923 
191 
244 
423 


1,275 


Mini- 
mum. 


255 

498 

539 

539 

275 

195 

155 

137 

155 

155 

191 

244 


137 


Mean. 


360 
618 
724 
822 
471 
255 
434 
405 
360 
i65 
213 
315 


429 


Total  in  acre- 
feet. 


22,  136 
34,  322 
44,517 
48,  912 
28,96L 
15, 174 
26,  686 
24,  903 
21,421 
10,  146 
12,  674 
19,  369 


309,  221 


PvUll-off. 


Depth  in 
inches. 


0.07 
0.10 
0.14 
0.14 
0.09 
0.04 
0.08 
0.07 
0.07 
0.03 
0.03 
0.06 


0.92 


Secoiul- 

feet  per 

square 

mile. 


0.06 
0.10 
0.12 
0.13 
0.08 
0.04 
0.07 
0.06 
0.06 
0.03 
0.03 
0.05 


0.07 


Note. — Gage  heights  for  1898  are  given  in  Water- Supply  and  Irrigation  Paper  No.  28,  page  140, 
measurements,  page  143;  rating  table,  145;  results  for  1897  in  Water-Supply  and  Irrigation  Pajjer  No. 
16,  page  148;  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  418  to  420. 
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Fig.  152.— Discharge  of  Salt  River  at  McDowell,  Arizona,  1898. 
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A.    DAM    SITE   AT    BUTTES,    ARIZONA,    LOOKING    DOWNSTREAM. 
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VERDE   RIVER. 

Estimated  niovthlij  discharge  of  Verde  Biver  at  McDowell,  Arizona. 

[Drainage  area,  6,000  square  miles] 


Moiill 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January 1,  680 

February 800 

March '  1,  535 

April 710 

May 280 

June 160 

July I  1,890 

August I  1,730 

September i  1,  380 

October {  180 

Norember .{  230 

December i  440 


Mini- 
mum. 


120 
290 
210 
180 
130 
130 
115 
165 
165 
160 
165 
220 


Mean. 


The  year 


1,890 


115 


253 
496 
639 
319 
184 
139 
323 
400 
338 
169 
195 
303 


Total  in  acre- 
feet. 


Run-off. 


Depth  in 
iuches. 


15,  556 
27,  546 
39,  291 

18,  982 
11,  314 

8,271 

19,  861 
24,  595 
20, 112 

10,  391 

11,  603 
18,  631 


0.04 
0.09 
0.13 
0.06 
0.03 
0.02 
0.06 
0.08 
0.07 
0.03 
0.03 
0.06 


Second - 

feet  p  er 

square 

mile. 


0.04 
0.08 
0.11 
0.05 
0.03 
0.02 
0.05 
0.07 
0.06 
0.03 
0.03 
0.05 


313 


226, 153 


0.70 


0.05 


l^OTE.— Gage  heights  for  1898  are  given  in  "Water-SMpply  and  Irrigation  Paper  No.  28,  page  141, 
measurements,  page  143,  and  rating  table,  page  145;  results  for  1897  in  Water-Supiily  and  Irrigation 
Paper  No.  16,  page  150,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  420  to  423. 
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Fig.  153. — Discharge  of  Verde  Elver  at  McDowell,  Arizona,  1898. 
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INVESTIGATION    OF  WATER    SUPPLY  FOR    THE    SOUTHERN    UTE 

INDIAN   RESERVATION. 

All  investigation  of  the  practicability  of  providing  a  water  supply 
for  irrigation  2)urposes  on  a  portion  of  the  reservation  of  the  Southern 
Utes  in  Colorado  was  authorized  by  the  act  a])i^roved  July  1, 1898,  and 
on  July  15  instructions  were  issued  to  make  an  examination.  Field 
work  was  at  once  entered  upon  and  a  preliminary  report  was  forwarded 
to  the  Secretary  of  the  Interior  on  December  19, 1898,  the  more  detailed 
information  being  transmitted  on  March  10,  1899.  The  field  work  was 
carried  on  by  Mr.  Gerard  H.  Matthes,  from  whose  report  the  statements 
given  in  the  following  i>ages  have  been  taken.  Under  instructions  of 
July  19,  1898,  Mr.  Matthes  left  Washington  and  proceeded  to  south- 
western Colorado,  making  measurements  of  discharge  of  the  San  Juan, 
Piedra,  Los  Pinos,  Animas,  La  Plata,  and  Mancos  rivers,  all  of  which 
streams  traverse  the  Southern  Ute  Indian  Keservation.  Repeated 
measurements  were  also  made  of  Dolores  Eiver  at  Dolores,  Colorado, 
the  flow  of  this  stream  being  of  first  importance  in  a  consideration  of 
the  practicability  of  irrigating  lands  on  the  western  end  of  the  reserva- 
tion. A  reconnaissance  of  these  lands  was  also  made  with  a  view  to 
obtaining  irrigation  water  from  various  sources. 

The  lands  north  of  the  reservation  of  the  Southern  Utes  are  watered 
by  the  irrigating  canals  and  ditches  of  the  Montezuma  Valley  Canal 
Company,  and  it  was  anticipated  that  arrangements  could  be  made  for 
the  purchase  of  water  rights  from  this  company  provided  that  ample 
water  could  be  had.^  This  canal  system  was  therefore  inspected  from 
its  head  gates  on  Dolores  River  to  the  terminus  of  the  present  main 
ditch.  Plane-table  surveys  were  made  of  the  two  i)roposed  reservoir 
sites  considered  by  the  company  as  available  for  purposes  of  storing 
flood  waters.  Later  a  rapid  reconnaissance  of  the  mountain  region 
tributary  to  Dolores  River  above  Dolores  was  made,  in  search  of  addi- 
tional reservoir  sites,  and  all  i)ossible  data  were  brought  together 
bearing  upon  the  problem  of  water  supply.  The  result  of  these  exam- 
inations showed  that  while  a  considerable  volume  of  water  might  be 
held  by  storage,  yet  the  construction  of  these  works  necessitated  a 
large  outlay  of  capital  before  conditions  essential  to  the  perpetuity  of 
its  availability  upon  the  lands  could  be  assured.  The  difficulties  of 
making  a  satisfactory  arrangement  with  the  company  were  such  that 
the  conclusion  was  reached  that  if  possible  it  would  be  better  to 
attempt  to  secure  water  by  storage  upon  the  reservation  itself  than 
upon  the  lands  or  by  the  works  controlled  by  individuals  or  acorporation. 

The  reservation  of  the  Southern  Utes  is  in  the  extreme  southwestern 
corner  of  Colorado,  adjacent  on  the  west  to  Utah  and  on  the  south  to 
ISew  Mexico.     A  projection  from  the  main  body  of  the  reservation 


'For  details  oftliis  proposed  agreenieut  reference  should  be  made  to  Senate  Doc.  No.  124,  Fifty-fifth 
Congress,  second  session. 
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extends  over  into  the  latter  State.  The  main  portion  of  the  reservation 
consists,  however,  of  a  narrow  strip  about  15  miles  wide,  extending  along 
the  southern  line  to  Colorado.  Originally  it  continued  to  a  point  east 
of  the  city  of  Durango,  but  in  this  portion  the  best  lands  have  been 
allotted  to  the  Indians  and  the  remainder  thrown  open  to  settlement. 
The  existing,  or  diminished  reservation,  extends  from  a  point  approxi- 
mately south  of  the  town  of  Mancos  westerly  about  40  miles  to  the 
Utah  line.  The  investigation  here  described  was  made  for  the  purpose 
of  ascertaining  the  water  supply  for  this  diminished  reserve.^ 

.  TOPOGRAPHY  AND  HYDROGRAPHY. 

The  greater  part  of  the  area  of  the  Southern  Ute  Indian  Eeservation 
consists  of  desert  land,  sagebrush  and  grease  wood  being  the  principal 
vegetation  in  the  valleys  and  on  the  lower  mesas.  At  higher  altitudes 
pinou  and  juniper  grow  in  abundance,  while  at  rare  intervals  groves  of 
quaking  aspen  are  to  be  found.  The  small  amount  of  rainfall  and  the 
scarcity  of  springs  and  perennial  streams  are  in  a  great  measure  respon- 
sible for  the  aridity  of  the  soil.  These  factors,  together  with  the  high 
winds  which  prevail  during  a  large  part  of  the  year,  and  the  low  rela- 
tive humidity  of  the  atmosphere,  render  agriculture  possible  only  where 
those  arid  conditions  can  be  offset  by  the  artificial  api)lication  of  water. 

The  land  slopes  in  a  general  southerly  direction,  draining  toward  San 
Juan  River,  the  elevation  above  sea  level  in  the  eastern  part  averaging 
7,000  feet,  while  in  the  extreme  southwestern  corner  it  falls  below  5,000 
feet.  The  season  for  growing  crops  is  consequently  short,  and  with  the 
cold  nights  that  prevail  the  agriculturist,  while  studying  the  irrigation 
problem,  can  not  afford  to  lose  sight  of  the  climatic  conditions  caused 
by  the  high  elevation.  It  is  generally  conceded,  however,  that  below 
the  6,000-foot  line  it  is  possible  to  grow  anything  produced  in  the  tem- 
perate region.  Experience  has  proved  that  the  productive  qualities  of 
the  region  under  consideration  are  of  a  very  high  standard. 

Although  the  reservation  is  traversed  by  several  perennial  streams, 
carrying  a  fair  amount  of  water,  the  practical  application  of  these 
waters  to  irrigation  is  very  limited.  The  lands  lying  along  these 
rivers  susceptible  of  irrigation  are  of  small  extent,  due  mainly  to  the 
narrowness  of  the  valley  and  also  to  the  moderate  fall  of  the  streams, 
which  tends  to  render  ditches  long  and  expensive.  Under  the  allot- 
ment act  of  February  20,  1895,  all  the  bottom  lands  along  Los  Pinos, 
Piedra,  La  Plata,  and  Florida  rivers  and  small  areas  along  San  Juan 
and  Navajo  rivers  and  on  Cat  Creek,  together  with  large  areas  of  mesa 
land,  were  allotted  to  Indians  who  were  willing  to  attempt  farming, 
and  a  number  of  small  Indian  farms  are  now  found  along  these  rivers, 

J  For  valuable  suggestions  and  assistance  received  from  various  persons,  Mr  Gerard  H.  Matthes 
desires  to  make  acknowledgment  particularly  to  Col.  David  F.  Day,  former  Indian  agent  of  the 
Southern  Ute  Reservation,  also  to  Mr.  A.  L.  Fellows,  deputy  State  engineer  of  Colorado,  Mr.  S.  J. 
Smith,  agent,  and  Mr.  W.  H.  Blake,  foreman,  for  the  Montezuma  Valley  Canal  Company,  Mr.  L.  A. 
Knackstedt,  chief  clerk  at  Iguacio  Agency,  and  Mr,  Joe  Smith,  in  charge  of  Navajo  Springs  Agency. 


410  PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 

utilizing  their  waters  for  irrigation.  A  measurement  of  Los  Piuos  Eiver, 
shown  ou  PL  XL,  i>*,  was  made  August  6, 1808,  above  tlie  head  gates  of 
the  two  main  ditches,  and  the  discharge  w^as  found  to  be  24()  second-feet. 
Another  measurement  made  August  7,  at  a  i)oint  about  4  miles  below 
Ignacio  Agency,  gave  a  discharge  of  196  second-feet.  Los  Pinos  Kiver 
is  a  i)erennial  stream  with  a  drainage  area  above  the  north  line  of  the 
reservation  of  320  square  miles.  The  Piedra  and  San  Juan  rivers  were 
measured  near  their  junction  at  Arboles,  Colorado,  on  August  8,  their 
discharges  being  195  and  291  second-feet,  respectively.  Regular  gaging 
stations  have  been  maintained  on  both  rivers  at  this  point  since  June 
19,  1895,  and  tlie  records  of  flow  have  been  published  in  this  and  pre- 
ceding annual  reports.  Similar  records  of  the  Animas  River,  at 
Durango,  have  been  kept,  covering  the  same  period,  as  shown  on 
page  404.  A  measurement  made  August  5  gave  a  discharge  of  414 
second  feet. 

La  Plata  River  was  measured  at  Hesperus,  Colorado,  above  the  head 
gates  of  La  Plata  ditch,  and  its  discharge  found  to  be  11  second-feet. 
The  flow  of  the  ditch  was  2.7  second-feet;  the  water  carried  is  used  in 
irrigating  lands  in  New  Mexico.  La  Plata  River  has  its  heiid  waters  in 
the  mountain  range  of  the  same  name  and  receives  only  one  tributary 
of  importance — Cherry  Creek.  Owing  to  the  use  of  its  water  for  irriga- 
tion purposes,  the  river  in  its  course  through  the  reservation  frequently 
becomes  dry  during  the  summer  season.  A  similar  condition  prevails 
on  the  Mancos  River,  nearly  the  entire  flow  of  which,  during  the  irri- 
gation season,  is  diverted  into  the  ditches  of  the  ranchmen  located 
near  Mancos,  Colorado.  The  bed  of  the  stream  is  dry  during  the 
period  of  low  water  from  the  point  where  it  enters  its  canyon  through 
the  Mesa  Verde  down  to  its  mouth,  except  for  occasional  stagnant  pools 
of  alkaline  water,  flow  taking  i^lace  only  after  heavy  showers.  A  regu- 
lar gaging  station  was  established  on  the  Mancos  River,  at  Mancos, 
April  9,  1898,  by  Mr.  A.  L.  Fellows,  as  described  on  page  402.  In  view 
of  the  fact  that  this  river  has  been  mentioned  iji  previous  reports  as  a 
possible  source  of  irrigation  water  for  the  lands  of  the  southwestern 
section  of  the  reserve,  a  consideration  of  its  flow  becomes  of  impor- 
tance. As  most  of  the  irrigation  ditches  are  taken  out  of  the  river 
above  the  town,  the  record  may  be  regarded  as  representing  water  not 
needed  for  irrigation  by  the  whites. 

It  will  be  readily  seen  from  the  figures  on  page  402  that  the  flow  of 
Mancos  River  can  not  be  depended  on  to  furnish  irrigation  water  on  the 
reservation  lands  unless  storage  facilities  are  provided.  From  a  rapid 
reconnaissance  of  tlie  Mancos  Canyon  in  the  Mesa  Verde,  it  appears  that 
the  possibilities  of  storing  flood  waters  by  damming  the  canyon  at  some 
suitable  point  are  limited,  owing  to  the  rapid  slope  of  the  bottom  of  the 
canyon,  and  that  the  cost  of  such  an  undertaking  would  no  doubt  be 
considerable.  Time  did  not  i)ermit  a  thorough  survey  of  the  canyon, 
and  no  estimates  can  here  be  given.    A  few  Ute  families  located  at  the 
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mouth  of  Mancos  CaDvou  during  the  summer  of  1898  experienced  great 
difficulty  ii)  raising  some  patches  of  corn  and  watermelons,  dejiending 
for  irrigation  on  such  storm  waters  as  happened  to  come  down  the 
canyon. 

The  San  Juan  Kiver,  after  leaving  the  reservation,  flows  through  the 
northern  portion  of  New  Mexico  and  enters  the  reservation  once  more 
near  its  southwestern  corner.  The  river  along  this  portion  of  its  course 
has  but  little  fall,  and  its  deep  canyons  render  impracticable  diversion 
of  its  waters  upon  the  neighboring  mesa  land  except  at  great  cost. 
Discharge  measurements  on  this  part  of  the  San  Juan  River  were  made 
at  Kolands,  near  where  the  river  crosses  the  Utah  State  line,  on  August 
18,  and  again  on  September  21,  the  flow  on  those  days  being  GIO  and 
380  second-feet,  respectively.  It  is  of  interest  m  this  connection  to 
compare  these  quantities  with  the  joint  discharges  of  the  principal  trib- 
utaries. During  the  i)eriods  August  14  to  l(i  and  September  17  to  19 
these  averaged  as  follows: 

Discharge  of  principal  tributaries  of  San  Juan  River, 


Name  of  stream. 

August 
14-16. 

Sei)tfmber 
17-19. 

Sun  Juan  at  Arboles 

Piedra.  at  Arboles  .            

Second-feet. 

266 
135 

328 

Second-feet. 
124 
78 
249 

Animas  at  Durango   

Total  .                            

729 

451 

The  Mancos  Riv^er  and  the  canyons  entering  from  the  south  being 
dry,  and  the  flow  of  the  La  Plata  and  the  Florida  rivers  i^robably 
trifling  or  zero,  the  only  other  tributary,  the  discharge  of  which  is  im- 
portant in  this  connection,  is  the  Los  Pinos  River,  no  data  for  which  are 
available.  The  flow  during  the  above  jieriods  may  be  assumed  to  have 
been  90  and  60  second-feet,  respectively — a  very  low  estimate.  Tliis 
makes  the  combined  discharge  of  the  tributaries  on  August  18  about 
820  second-feet,  against  610  second-feet  at  Nolands,  and  on  September 
20  about  110  second-feet,  against  380  second-feet  at  Nolands.  The 
difference  must  be  accounted  for  as  constituting  water  used  in  irriga- 
tion and  loss  by  evaporation. 

That  i)ortioii  of  the  diminished  reservation  which  has  been  regarded 
as  being  most  favorably  situated  for  becoming  agricultural  land  con- 
sists of  an  extensive  area  of  open  country  lying  directly  south  of  the 
Sierra  El  Late,  and  known  as  the  Aztec  and  Kuin  flats.  This  site  has 
the  double  advantage  of  i)resenting  long  uniform  slopes  especially  well 
adapted  to  irrigation,  and  of  isolating,  by  natural  barriers,  the  Ute 
Indians  from  contact  with  the  white  settlers. 
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GEOLOGY   AND    UNDERGROUND    WATERS. 

In  regard  to  the  possibilities  of  obtaining  water  from  underground 
sources,  the  following  statements  rejiresent,  in  condensed  form,  the 
information  set  forth  in  the  report  of  Arthur  0.  Spencer,  assistant 
geologist,  who  made  a  study  of  the  geology  of  the  region  in  December, 
1898.  The  formations  in  the  region  under  consideration  consist  mainly 
of  sandstones  and  shales,  ranging  from  the  Triassic  to  the  Upj^er  Cre- 
taceous. Of  these  the  sandstones  of  the  La  Plata  and  Gunnison  for- 
mations (Jurassic)  are  well  adapted  to  carry  water.  They  are  overlain 
by  the  Dakota  formation,  which  forms  the  surface  rock  of  Montezuma 
Valley.  That  portion  of  the  latter  which  drains  into  McElmo  Creek  is 
a  shallow  synclinal  valley,  the  axis  of  which  lies  in  a  northwesterly 
direction.  Tbe  mountain  groups  which  constitute  the  collecting  areas 
from  which  these  strata  derive  their  water  supply  lie  to  the  east  and 
northeast  of  the  Montezuma  Valley.  They  are  the  La  Plata  Mountains, 
the  Rico  Mountains,  and  the  Wilson  group,  in  all  of  which  there  is  con- 
siderable precipitation  in  the  form  of  snow.  Structural  conditions 
would  therefore  be  favorable  for  obtaining  artesian  waters  in  the  lowest 
portion  of  the  valley,  were  it  not  for  the  deep  canyons  surrounding  the 
basin  on  the  north  and  northeast  which  cut  through  the  water-bearing 
strata,  intercepting  their  flow.  The  largest  of  these  are  House  Canyon, 
Bear  Creek,  and  Dolores  River  canyons,  Lost  Canyon  and  Mud  Creek 
Canyon.  South  of  Aztec  divide  the  valley  consists  of  shales  overlying 
the  Dakota  sandstone,  sloping  down  from  the  eastern  side  of  Sierra  El 
Late.  Any  springs  and  ground  waters  found  in  these  formations  must, 
therefore,  be  derived  from  that  mountain  group. 

In  brief,  the  conditions  are  such  as  to  indicate  that  underground 
waters,  if  present,  are  not  likely  to  occur  in  such  abundance  as  to  war- 
rant the  sinking  of  wells  for  irrigation  i)urposes. 

THE    SOUTHERN   UTES 

In  this  connection  it  is  desirable  to  glance  briefly  at  the  history  of 
the  Southern  Ute  Indians,  for  whose  benefit  this  investigation  has  been 
made,  and  consider  the  extent  to  which  at  the  present  time  they  have 
been  rendered  self  supporting  by  devoting  themselves  to  agriculture 
by  irrigation. 

When  the  first  treaty  with  the  Tabeguache  band  of  Ute  Indians  was 
concluded  at  Conejos,  Colorado,  on  October  7,  1863  (proclaimed  by 
President  Lincoln,  December  14,  1864),  the  territory  claimed  by  the 
Indians  as  their  hunting  grounds  consisted  of  that  portion  of  the  jires- 
ent  State  of  Colorado  comprised  between  the  Grand,  Uncompahgre,  and 
Gunnison  rivers  on  the  west  and  the  eastern  base  of  the  Rocky  Moun- 
tains on  the  east,  extending  as  far  north  as  the  forty-first  parallel  of 
latitude,  and  bounded  on  the  south  by  the  thirty-seventh  parallel.  By 
this  treaty  the  lands  were  reduced  to  include  the  territory  between 
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Uncomi^ahgre,  Gunnison,  and  Bunkara  rivers  and  the  Saguacbe  Moun- 
tains, extending  soutli  to  the  Kio  Grande  and  east  to  the  one  hundred 
and  sixth  meridian,  and  including  a  large  part  of  the  San  Luis  Valley. 
At  the  same  time  the  Muache  band  of  Utes  were  allowed  to  occupy 
these  hunting  grounds,  while  provisions  were  made  to  aid  the  Indians 
in  raising  cattle  and  horses. 

On  March  2,  1868,  a  treaty  was  concluded^  i)roclaimed  by  President 
Johnson ;  November  6,  1868,  with  the  Tabeguache,  Muache,  Kai)oti, 
Wiminuche,  Yampa,  Grand  Eiver,  and  Uinta  bands  of  Utes,  defining 
the  boundary  lines  of  a  reservation  to  include  all  lands  between  the 
thirty- seventh  parallel  and  a  line  15  miles  north  of  and  running  parallel 
with  the  fortieth  parallel  of  latitude,  and  between  the  one  hundred  and 
seventh  meridian  and  the  western  boundary  line  of  Colorado  Territory. 
This  treaty  provided  for  an  agency  on  White  Eiver  for  the  Grand  Eiver, 
Yampa,  and  Uinta  bands,  and  an  agency  on  Los  Pinos  Eiver  for  the 
Tabeguache,  Muache,  Wiminuche,  and  Kapoti  bands.  Provisions  were 
also  made  to  induce  Indians  to  cultivate  the  soil  and  to  insure  the  civ- 
ilization of  the  tribes  by  providing  for  schools,  mills,  and  supplies  of 
clothing,  blankets,  and  food. 

By  act  of  Congress  approved  April  29,  1874,  a  treaty  signed  by  the 
tribes  September  13,  1873,  was  ratified.  The  reservation  was  dimin 
ished  by  the  following  area,  included  between  the  one  hundred  and 
seventh  meridian  and  a  line  20  miles  east  of  and  running  x^arallel  with 
the  western  boundary  of  Colorado,  and  between  a  line  10  miles  north 
of  and  running  parallel  with  the  thirty  eighth  parallel  and  a  line  15 
miles  north  of  and  running  parallel  with  the  southern  boundary  of  Colo- 
rado. In  return  the  Indians  were  x^romised  an  annuity  of  $25,000  and 
were  given  the  right  to  hunt  in  the  domain  thus  relinquished  as  long  as 
there  was  any  game.  Executive  orders  of  November  22, 1875,  and  Feb- 
ruary 7,  1879,  added  considerable  land  to  the  territory  of  the  Utes, 
but  these  additions  were  restored  again  to  the  public  domain  by 
Executive  order  of  August  4,  1882. 

After  the  murder  of  Indian  Agent  Meeker  and  his  employees  at 
White  Eiver  Agency,  on  September  29,  1879,  and  the  investigation 
consequent  thereto,  the  principal  Ute  chiefs  were  called  to  Washington 
and  the  treaty  and  act  of  June  15,  1880,  resulted,  by  which  a  compre- 
hensive removal  and  settlement  of  the  various  bands  was  contemplated. 
The  Muache,  Kapoti,  and  Wiminuche  bands,  known  as  the  Southern 
Utes,  agreed  to  remove  and  settle  on  the  unoccupied  agricultural  lands 
along  the  La  Plata  Eiver,  in  Colorado,  and,  if  necessary,  in  New  Mex- 
ico; and  the  Uncompahgre  Utes,  or  Tabeguache  band,  agreed  to  remove 
and  settle  on  the  agricultural  lands  on  Grand  Eiver,  near  the  mouth  of 
the  Gunnison,  and,  if  necessary,  in  Utah.  The  White  Eiver  Utes,  includ- 
ing all  remaining  bands,  agreed  to  remove  and  settle  on  the  Uinta 
Reservation  in  Utah.  The  act,  among  other  things,  provided  for  allot- 
ments of  land  to  Indians  who  were  agriculturally  inclined,  for  taking 
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a  census,  for  surveys,  and  for  maps.  A  trust  fund  was  also  to  be  cre- 
ated for  tbe  benefit  of  the  Indians,  consisting  of  the  proceeds  of  the 
sale  of  unallotted  lands.  In  consideration  of  the  cessions  of  territory 
made  by  them  these  Indians  were  to  receive  an  annuitj^  of  $50,000 
besides  the  annuity  of  $25,000  decreed  by  act  of  April  29,  1874. 

The  White  liiver  and  the  Uncompahgre  Utes  were  removed  to  Utah 
and  the  lands  formerly  occupied  by  them  in  Colorado  declared  public 
lands  by  act  of  July  28,  1882.  The  Muache,  Kapoti,  and  Wiminuche 
bands,  numbering  in  all  about  1,000,  continued  to  occupy  lands  in  Col- 
orado, known  as  the  Southern  Ute  Reservation,  which  consisted  of  a 
strip  15  miles  wide,  beginning  at  the  Utah-Colorado  line  and  extending 
east  for  about  106  miles,  its  southern  boundary  line  coinciding  with 
that  of  Colorado.  The  awkward  shape  of  this  territory  did  not  fail  to 
develop  difficulties,  the  agency  being  located  in  the  eastern  portion, 
and  in  1885  the  CJtes  expressed  their  desire  to  be  removed  to  another 
reservation,  as  their  present  location  required  them  to  make  long,  diffi- 
cult, and,  in  winter,  frequently  perilous  journeys  to  reach  the  agency 
from  the  western  part  of  the  reservation,  where  the  majority  had  their 
abodes;  and  for  the  further  reason  that  it  was  almost  impossible  to 
prevent  their  cattle  and  horses  from  crossing  over  into  the  lands  of 
neighboring  white  settlers,  and  to  prevent  stock  belonging  to  the  latter 
from  trespassing  on  reservation  lands.  These  questions  continually 
gave  rise  to  quarrels  and  difficulties  with  whites,  who  were  not  willing 
to  respect  the  rights  and  properties  of  the  Indians.  The  serious  aspect 
of  the  question  becomes  apparent  when  it  is  considered  that  the  Ute 
Reservation  lands  are  barren,  grazing  lands  are  few,  and  game  is  i  ap- 
idly  disappearing.  A  treaty  was  finally  signed  by  the  Utes  November 
13,  1888,  by  which  they  agreed  to  remove  to  a  reservation  in  the  south- 
eastern corner  of  Utah,  bounded  on  the  south  and  west  by  the  San  Juan 
and  Colorado  rivers,  and  extending  north  as  far  as  a  line  running  due 
west  from  a  point  on  the  Colorado-Utah  line,  75  miles  north  of  the  point 
where  the  San  Juan  River  crosses  the  latter.  The  treaty,  however, 
failed  to  receive  the  approval  of  Congress,  and  the  Utes  were  left  for 
several  years  in  a  discouraged  and  unsettled  condition  which  was  any- 
thing but  stimulating  to  their  farming  proclivities. 

Congress,  on  February  20,  1895,  passed  an  act  by  which  the  treaty  of 
1888  was  annulled,  and  the  act  of  June  15, 1880,  concerning  allotments, 
reaffirmed.  The  Muache  and  Kapoti  bands,  to  the  number  of  430, 
who  had  been  residing  on  the  rivers  along  the  eastern  portion  of  the 
reservation,  took  advantage  of  this  act,  while  the  Wiminuches,  number- 
ing about  700,  preferred  to  continue  their  nomadic  life  on  the  western 
portion  of  the  reservation.  For  the  latter,  known  as  the  ''  unallotted 
Utes,"  there  was  set  aside  by  the  act  of  1895  that  portion  of  the  reser- 
vation lying  west  of  the  line  between  Rs.  13  and  14  W.  of  the  New 
Mexico  principal  meridian,  also  Ts.  31  and  32  of  Rs.  14,  15,  and  IG  W, 
of  this  meridian,  lying  partly  in  Colorado  and  partly  in  New  Mexico. 
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The  act  further  provided  that  the  lands  remainiDg  after  allotment 
were  to  be  thrown  open  to  white  settlers  at  the  expiration  of  six 
months  after  passage  of  the  act,  at  the  discretion  of  the  Secretary  of 
the  Interior. 

Tiie  act  of  1880  provides  that  allotments  in  severalty  are  to  be  made 
as  follows:  ^ 

To  each  liead  of  a  family,  one-quarter  of  a  section,  with  au  additional  quantity 
of  grazing  land,  not  exceeding  one-quarter  of  a  section. 

To  each  single  person  over  18  years  of  age,  one-eighth  of  a  section,  with  an  addi- 
tional quantity  of  grazing  land,  not  exceeding  one-eighth  of  a  section. 

To  each  orphan  child  under  18  years  of  age,  one-eighth  of  a  section,  with  an  addi- 
tional quantity  of  grazing  land,  not  exceeding  one-eighth  of  a  section;  and  to  each 
other  person  under  18  years  now  living,  or  who  may  be  born  prior  to  said  allot- 
ments, one-eighth  of  a  section,  with  a  like  quantity  of  grazing  land. 

The  amount  of  land  so  alloted  i^er  capita  is  un([uestionably  far  in 
excess  of  what  is  needed  to  render  Indians  self-supporting.  It  is  not 
only  improbable  that  they  will  ever  feel  disposed  to  cultivate  the  entire 
amount,  but  it  is  also  improbable  that  irrigation  water  sufficient  to 
do  so  will  ever  be  found  available. 

Irrigation  at  present  is  being  resorted  to  on  the  bottom  lands  of 
Los  Pinos,  Piedra,  La  Plata,  and  San  Juan  rivers,  the  necessary 
water  rights  for  this  purpose  having  been  appropriated  by  the  Govern- 
ment in  accordance  with  the  laws  of  the  State  of  Colorado.  The  prin- 
cipal ditches  were  constructed  under  Government  supervision,  the 
labor  being  mostly  done  by  Utes.  Among  the  more  important  works 
of  this  class  are  the  West  Side  and  Spring  Creek  ditches,  taken  out  of 
Los  Pinos  River  some  5 J  miles  above  Ignacio  Agency,  their  capacities 
being  81  and  192  second-feet,  respectively.  With  seeds  furnished  them, 
competent  farmers  to  instruct  them,  and  with  harvesting  machines  and 
implements  at  their  disposal,  the  Utes  have  advanced  in  the  art  of  till- 
ing the  soil,  are  raising  crops  with  gratifying  results,  and,  being  fed 
and  clothed  in  addition  by  the  Government,  are  living  i)eacetuliy  and 
contentedly.  It  is  significant,  in  this  respect,  to  note  in  the  following 
table  the  amounts  of  food  supplies  issued  to  the  allotted  and  unallotted 
Utes  respectively,  as  taken  from  the  records  of  the  Office  of  Indian 
Affairs. 

1  Rev.  Stat.,  vol.  21,  p.  200. 
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Food  supplies  pnrvhasedfor  distribntion  among  the  Southern  Utesfor  the  fiscal  year  ending 

June  30,  1S99. 


Navajo  Springs^ Agency  (unallotted  iguacio  Subagency  (allotted  Ttes). 


Article. 


Bacon 


Beans 

Beef,  gross  - 

Flour 

Oats 

Salt,  coarse 

Salt,  fine 

Coffee 


Sugar. 
Rice  . . 
Tea... 


Quantity. 

Contract 
price. 

Pounds. 

Cents. 

1,500 

{ 

0.691 
0.715 

2.000 

2.416 

175,  000 

3.  G7 

85,  000 

2.57 

25.  000 

1.  55 

300 

1.90 

2,500 

2.00 

3,000 

0.803  , 

4,000 

0.  05J 

200 

0.527 
0. 195 

Delivered  at — 


Kansas  City,  Mo.. 

Omaha.  Nebr 

Chicago.  Ill 

AgeDC\- 

do :. 

do 

do 

do 

:N'ew  York,jT.  Y.. 

do 

do 

do 


Quantity. 


Pounds. 
\       1, 500 


125, 000 

65, 000 

30,  OuO 

600 

1,500 

3,000 

4,000 

300 

50 


Contract 
price. 


Delivered  at — 


Cents. 
0.  691     Kansas  Citv,  Mo. 


0.715 


3.67 

2.23 

1.40 

1.50 

1.60 

0.803 

0.05J 

0.527 

0.195 


Omaha,  Xebr. 

Agency. 

Do. 

Do. 

Do. 

Do. 
New  York,  X.  Y. 
*       Do. 

Do. 

Do. 


The  following  table  shows  the  number  of  individuals  in  the  Winii- 
nuche  tribe  (unallotted)  receiving  supplies  at  the  Navajo  Springs 
Agency,  and  in  the  Kapoti  and  Muache  tribes  (allotted)  receiving  sup- 
plies at  the  Ignacio  subagency : 

Indians  unallotted  and  allotted  receiving   food  suppiies  at  Xarajo  Sprinf/s  Agency  and 

lyiiacio  suhagtncy,  respectively . 


Sex  and  age. 

AYimlnnche 

tri  be 
(unallotted). 

Kapoti  and 

Muache  tribes 

(allotted). 

Males  over  14  years  of  age 

Males  under  14  years  of  age 

Females  over  14  years  of  age 

Females  under  14  years  of  age 

236 

108 

256 

71 

Ill 

83 
144 

77 

Total .' -    ... 

671 
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Similar  figures  concerning  supplies  of  clothing,  blankets,  agricul- 
tural implements,  hardware,  etc.,  are  not  given,  because  the  data  are 
not  readily  accessible.  So  far  as  food  is  concerned,  it  is  apparent  that 
the  allotted  Utes  are  at  present  as  much  in  need  of  rations  as  the 
unallotted.  Agricultural  pursuits  among  these  Indians  must,  there- 
fore, be  regarded  chiefly  as  a  means  to  induce  them  to  become  i)erma- 
nently  settled,  to  adopt  quiet  modes  of  life,  to  adapt  themselves 
gradually  to  civilized  habits,  and  in  the  end  to  become  capable  of  self- 
support.  Obviously  their  evolution  in  this  direction  is  dependent 
entirely  on  the  encouragement,  aid,  and  guidance  which  they  receive 
from  the  National  Government. 
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The  object  of  tlie  investigation  has  been  to  ascertain  means  for  pro- 
\  (}mg  irrigation  water  sufficient  to  turn  10,000  acres  of  the  diminished 
ree-irve,  on  which  the  unallotted  Utes  are  now  located,  into  agricultural 
land,  to  enable  them  to  follow  the  example  of  the  allotted  tribes. 

MONTEZUMA  VALLEY  CANAL. 

It  appears  that  the  best  means  of  bringing  water  upon  the  dimin- 
ishes reserve  is  through  an  extension  of  the  ditch  system  now  in 
existence  in  the  Montezuma  Yalley  adjoining  the  reservation  on  the 
j.3rtlj.  The  supply  of  this  system  is  derived  from  Dolores  River,  its 
head  ^  tes  being  located  below  the  town  of  Dolores,  Colorado.  A  con- 
sideration of  the  flow  of  Dolores  River  becomes,  therefore,  of  impor- 
tance in  this  connection.  Figures  relating  to  its  discharge  are  readily 
obta  nable,  a  gaging  station  having  been  maintained  by  the  United 
States  Geological  Survey  at  Dolores,  since  June  23,  1895,  as  noted  on 
pag;e  '"*92. 

The  area  of  lowlands  known  as  the  Montezuma  Yalley  is  comprised 
between  the  western  escarpment  of  the  Mesa  Yerde  on  the  east,  the 
Sierra  El  Late  and  high  mesas  on  the  west,  and  by  the  divide  south  of 
the  Dolores  River  and  Lost  Canyon  Creek  on  the  north.  It  is  sep- 
arated into  two  portions  by  Aztec  divide,  the  northern  part  draining 
into  McElmo  Creek,  a  tributary  of  the  San  Juan  River,  while  the 
southern  x)ortion  is  drained  by  Aztec  Springs  Creek,  which  empties  into 
Mancos  River.  The  northern  portion  has  a  gently  undulating  topog- 
raphy, bare  of  all  vegetation  except  sagebrush,  and  is  particularly  well 
adapted  to  irrigation.  ' 

An  extensive  system  of  main  ditches  and  laterals  formed  by  the  con- 
solidation of  the  works  of  two  companies  covers  the  northern  portion 
of  the  valley  and  controls  practically  the  entire  extent  of  arable  landc 
On  the  accompanying  map,  PI.  XLYI,  are  indicated  the  principal 
ditches,  and,  by  means  of  shading,  (1)  that  portion  of  the  basin  which  is 
susceptible  of  being  irrigated,  on  the  hypothesis  of  carrying  the  water 
on  the  most  economical  grades,  ^2)  that  portion  irrigable  by  the  i^resent 
ditches,  and  (3)  those  areas  which  were  actually  under  irrigation  in  1898, 
aggregating  about  8,000  acres. 

The  head  gates  of  this  canal  system  are  on  the  Dolores  River  about  a 
mile  east  of  the  point  where  the  river  changes  its  course  to  the  north- 
ward. The  water  from  the  river  is  diverted  into  the  head  gates  by 
means  of  a  low  diversion  dam  of  a  temporary  character;  the  larger 
quantity  of  water  is  then  taken  by  what  is  known  as  main  No.  1, 
through  a  7  by  9  foot  tunnel,  shown  on  PI.  XLYII,  B^  5,400  feet  long, 
through  the  divide.  The  water  is  then  turned  into  the  main  ditches  by 
means  of  a  diversion  dam  and  gates,  and  from  this  point  the  main  ditch, 
known  as  East  lateral,  and  farther  down  as  Rocky  Eord  lateral,  has  a 
bottom  width  of  10  feet  over  a  distance  of  2J  miles,  when  it  drops  into 
a  natural  water  course.  The  ditch  passes  through  natural  channels, 
20  OEOL,  PT  4 27 
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alternating  with  constructed  ditches  during  the  remainder  of  its  course 
through  the  valley,  its  present  terminus  being  some  4  miles  from  the 
northern  line  of  the  reservation.  Main  Ko.  2  is  supplied  from  the  same 
head  gate  as  No.  1,  and  has  along  the  first  part  of  its  course  a  bottom 
width  of  20  feet.  Tt  passes  across  the  divide  into  the  valley  through  a 
deej)  cut  4, ()()()  feet  long  and  ap])roximately  40  feet  deep,  shown  in  PI. 
XLVIII,  i>^,  the  main  ditch  which  it  supplies  being  known  as  Lone  Pine 
lateral. 

The  owners  of  this  system  contemplate  building  two  storage  reser- 
voirs, to  be  known  as  the  Narraguinnep  and  Morton  Lake  reservoirs, 
the  sites  of  which  are  indicated  on  the  map.  The  former  lies  near  Lone 
Pine  lateral,  the  water  of  which  will  be  utilized  in  feeding  it,  while  in 
the  case  of  Morton  Lake  the  Rocky  Ford  lateral  is  to  furnish  the  water. 
The  company  have  submitted  propositions  to  furnish  water  sufficient  for 
irrigation  and  domestic  i)urposes  on  the  Southern  Ute  Reservation,  the 
main  terms  of  which  are: 

*  *  *  To  store,  convey,  and  deUver  water  not  to  exceed  the  volume  hereinafter 
described,  during  the  irrigation  season,  at  the  north  line  of  the  Ute  Reservation  at  a 
convenient  point  to  be  hereafter  decided  upon,  at  the  rate  of  $900  for  each  perpetual 
water  right,  under  the  following  details: 

First.  The  irrigation  season  shall  be  from  April  1  to  November  1  of  each  year. 

Second.  A  cubic  foot  of  water  per  second  of  time  shall  constitute  one  water  right. 

Third.  There  shall  be  one  perpetual  water  right  for  each  60  acres  of  land,  that 
being  the  estimated  duty  of  water. 

Fourth.  Not  less  than  166f  perpetual  water  rights  shall  be  taken  under  this  agree- 
ment, being  water  sufficient  for  10,000  acres,  the  Government  to  become  the  absolute 
owner  of  the  water  rights  so  paid  for  and  to  be  under  no  expense  whatever  there- 
after, except  to  pay  the  pro  rata  for  each  water  right  so  owned,  its  proportion  of  the 
annual  assessment  for  maintenance  of  the  company's  ditches,  but  which  annual 
assessment  is  stipulated  and  guaranteed  at  not  over  the  nominal  charge  of  $1  per 
acre;  or,  if  considered  more  satisfactory  and  desirable,  we  offer  the  following  alter- 
nate proposition  as  to  the  annual  assessment  or  maintenance  charge:  For  the  first 
three  years  *  *  *  $1  per  acre  per  annum,  and  thereafter  a  fixed  rate  of  60  cents 
per  acre  per  annum.  Water  sufficient  for  domestic  purposes  to  be  furnished  at  such 
other  times  as  in  the  ox)inion  of  the  company's  general  manager  it  may  be  reasonably 
practicable  to  do  so,  and  when  the  same>  will  not  interfere  with  necessary  work  on 
waterways  and  structures,  the  whole  year  without  charge,  it  being  distinctly  under- 
stood that  all  liabilities  of  our  company  for  delivery  of  water,  condition  of  laterals, 
etc.,  ends  at  said  point  of  delivery  on  the  north  line  of  said  Ute  Reservation.  The 
distribution  of  the  water  theieafter  and  its  dis^josition  upon  the  said  Indian  lands 
to  be  entirely  under  the  control  of  and  at  the  expense  and  risk  of  the  Government. 

As  has  been  mentioned  in  the  report  submitted  by  Indian  Inspector 
J.  G.  Wright,  dated  November  4, 1897,  the  company,  in  order  to  be  able 
to  fulfill  the  obligations  imposed  upon  it  by  the  above  contract,  pro- 
poses to  enlarge  its  system  by  widening  the  principal  ditches  involved 
and  by  the  construction  of  one  or  both  of  the  reservoirs  mentioned. 
Estimates  made  by  the  engineer,  Thomas  H.  Wigglesworth,  employed  by 
Mr.  Wright,  place  the  cost  of  constructing  Morton  Lake  reservoir,  the 
widening  of  Rockyford  lateral,  and  new  work  at  $138,000,  or  in  the 
alternative  case  of  constructing  Narraguinnep  reservoir  and  the  nec- 
essary ditches  at  $110,000. 
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An  inspection  was  made  of  those  parts  of  the  ditch  system  most 
important  in  the  consideration  of  the  fulfilhnent  of  the  contract  and 
the  following  facts  are  of  importance. 

The  head  gates  of  the  Dolores  Eiver  appear  to  be  in  excellent  condi- 
tion, and  the  entire  system  bears  evidence  of  frequent  insi)ection  by 
the  ditch  riders.  It  is  rei)orted  that  large  sections  of  the  roof  of  the 
tunnel  on  main  No.  1  have  collapsed,  owing  to  the  undermining  action 
of  the  water  on  the  rock,  which  is  in  places  of  a  very  shaly  texture. 
Owing  to  the  length  of  this  tunnel  repairs  have  at  all  times  been  diflB- 
cult  and  few  have  been  made.  Fortunately,  the  grade  being  consider- 
able, the  flow  of  the  water  has  not  been  impeded  materially  by  the 
obstructions  so  caused.  It  is  difficult  to  predict,  however,  how  much 
longer  this  tunnel  can  remain  without  repairs,  as  its  usefulness  will  be 
reduced  if  further  caving  in  is  not  prevented.  The  diversion  dam  on 
main  No.  1  will  also  require  repairs  in  order  that  the  stability  of  its 
superstructure  may  be  maintained.  A  section  of  main  No.  2  is  badly 
filled  by  a  rank  growth  of  aquatic  plants,  which  have  a  tendency  to 
materially  impede  the  flow. 

Special  emphasis  is  laid  on  the  fact  that  although  this  system  fur- 
nishes water  to  nearly  8,000  acres,  no  rating  flumes,  weirs,  or  other 
devices  for  measuring  the  flow  are  to  be  found  along  any  of  the  main 
ditches.  No  telephone,  nor  any  other  direct  means  of  communication, 
exists  between  any  part  of  the  system  and  the  head  gates,  although 
the  system  is  said  to  comprise  over  100  miles  of  ditching,  and  a  large 
share  of  the  work  is  in  adobe  soil,  which  is  exceedingly  susceptible  to 
washing,  causing  frequently  large  breaks  in  the  ditches,  which  need 
immediate  repairs. 

SURVEYS   OF   RESERVOIR   SITES. 

Surveys  of  both  the  reservoir  sites  were  made  by  means  of  the  i)lane- 
table  and  stadia,  controlled  by  triangulation,  and  bench  marks  were 
established  by  lines  of  levels  run  throughout  the  basins.  The  reference 
mark  in  each  case  was  entirely  arbitrary.  The  surveying  of  the  Narra- 
guinnep  site  Avas  begun  on  August  29,  1898,  the  scale  adopted  being 
1:5,000.  The  site  occupies  portions  of  sec.  4;  of  NE.  J  and  SE.  ^  sec. 
5 5  of  NE.  1  sec.  8,  and  of  NW.  i  sec.  9  5  all  in  T.  37  N.,  R.  16  W.  of  the 
New  Mexico  principal  meridian.  All  of  this  land  is  the  i)roperty  of 
the  State  of  Colorado. 

The  locality  is  peculiarly  well  adapted  for  the  impounding  of  water. 
The  basin  is  small,  however,  covering  not  more  than  308  acres.  From 
the  map  of  the  site  herewith  published  in  fig.  154,  it  will  be  seen  that 
the  outlet  of  the  basin  consists  of  a  narrow  canyon  about  200  feet  wide 
and  (50  feet  deep,  which  can  be  easily  dammed.     (See  also  PL  XLIX.) 
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Fig.  154. — ^Vlap  of  NarragniBnep  reservoir  site. 


Area  and  cajiacit]]  of  Narraguhmej)  reservoir. 
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Lone  Pine  lateral,  which  skirts  the  northern  and  western  edges  of 
the  site,  is  to  feed  the  reservoir,  the  outlet  to  bo  at  the  dam  or  at  some 
other  convenient  point.     The  bottom  of  the  reservoir  consists  of  a  clay 
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soil,  much  resembling  adobe,  overlying  a  bed  of  shale.     Except  in  a 
few  places  the  basin  is  devoid  of  trees. 

The  type  of  dam  which  seems  best  adapted  for  this  locality  is  what 
is  known  as  the  rock-filled  dam,  ample  material  for  such  a  structure 
being  at  hand  on  or  near  the  site.  This  has  been  found  preferable  to  a 
masonry  dam,  as  the  cost  of  hauling  cement  would  render  a  construc- 
tion of  the  latter  type  very  costly,  the  nearest  railroad  station  being  at 
Dolores,  a  distance  of  8  miles  by  wagon  road,  and  the  freight  rates  on 
the  Rio  Grande  Southern  Railroad  being  extremely  high.     In  design- 


FiG.  155, — Map  of  Narragiiinuep  dam  site. 

ing  the  dam  a  top  width  of  15  feet  has  been  adopted,  it  being  desirable 
to  provide  for  a  road  crossing  at  this  point,  as  the  road  now  existing  in 
the  bottom  of  the  basin  Avill  have  to  be  abandoned.  The  interior  of 
the  dam  is  to  consist  of  large  loose  rock,  the  interstices  being  filled  by 
ramming  smaller  rocks  and  gravel  into  them.  The  batter  of  the  water 
slope  is  to  be  1  to  1,  that  of  the  downstream  slope  J  to  1.  Both  slopes 
are  to  be  built  with  care,  and  the  stones  laid  by  hand  to  a  depth  of  3 
feet  from  the  surface.  In  order  to  render  the  dam  water-tight  and  pre- 
vent seepage  at  the  toe,  it  is  proposed  to  face  the  water  slope  with  a 
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layer  of  asi)halt  concrete,  mixed  in  the  proportion  of  1  of  asi)halt,  3  of 
sand,  and  5  of  small  broken  stone,  and  to  bnild  a  masonry  curtain  wall 
at  the  upper  toe  of  the  dam,  extending  down  to  bed  rock.  This  wall  is 
to  be  no  less  than  3  feet  wide,  of  good  rubble  masonry,  laid  in  cement, 
with  batter  of  1  to  4. 

In  clearing  the  site  for  construction  special  care  should  be  taken  to 
remove,  by  blasting  or  otherwise,  the  loose  rock  masses  composing  the 
walls  of  the  canyon  at  the  abutments,  the  rock  there  having  wide  and 
extensive  lissures,  which  it  would  be  impossible  to  calk  properly,  and 
which  if  allowed  to  remain  would  become  a  serious  menace  to  the 
imperviousness  and  life  of  the  structure.  The  locality  is  favorable  for 
the  construction  of  a  cable  way,  by  means  of  which  a  great  saving  of 
labor  can  be  eftected  in  the  handling  of  the  building  materials.  The 
use  of  asphalt  concrete  facing  is  advocated  as  preferable  to  cement 
concrete  or  wooden  facing,  on  account  of  its  plasticity,  which  allows  of 
its  adjusting  itself  to  any  settling  that  may  take  place,  while  at  the 
same  time  it  is  absolutely  impervious  to  water.  No  borings  have  been 
made  at  the  dam  site  in  order  to  determine  the  depth  to  bed  rock,  but, 
judging  from  the  outcrops  of  rock  in  the  bed  of  the  channel  farther 
down,  it  is  x>robable  that  this  depth  will  not  exceed  10  feet. 

It  is  assumed  that  the  reservoir,  when  full,  will  have  its  level  at  the 
150-foot  contour  line  indicated  on  the  i^lan.  The  crest  of  the  dam  lias 
been  assumed  to  be  at  an  elevation  of  158  feet.  This  necessitates  the 
construction  of  a  masonry  wing  wall  200  feet  long  and  about  5  feet 
high  on  top  of  the  western  bank,  which  consists  of  level  ledge,  with  an 
approximate  elevation  of  153  feet.  About  500  feet  west  of  the  dam 
site  is  a  low  place  in  the  ridge  which  bounds  the  reservoir  on  the  south, 
olfering  a  good  location  for  a  spillway.  A  masonry  wall  about  400  feet 
long,  with  a  minimum  width  of  3  feet,  an  average  height  of  6  feet,  and 
the  crest  at  the  150-foot  level,  will  insure  ample  safety  against  overflow 
from  storm  water  when  the  reservoir  is  full.  As  is  apparent  from  the 
plan,  any  such  water  passing  over  the  spillway  will  find  its  way  back 
into  the  canyon. 

Following  is  an  approximate  estimate  of  the  cost  of  construction  of 
the  dam  and  waste  way: 

Rock  filling  aud  facmg,  23,000  cubic  yards,  at  $1 $23,  000 

Excavation,  1,200  cubic  yards,  at  $1 1,  200 

Masonry  curtain  at  the  toe,  550  cubic  yards,  at  $10 5, 500 

Asphalt  concrete  facing,  16,500  sciuare  feet,  at  $0.20 3,  300 

Gates  and  accessories 3,  000 

Wing  wall,  300  cubic  yards  of  masonry,  at  $10 3,  000 

Spillway,  100  cubic  yards  of  masonry,  at  $10 4,  000 

Engineering  and  contingencies 7,  000 

Total 50,  000 

Morton  Lake  reservoir  site  is  situated  in  the  Montezuma  Valley,  and 
embraces  832  acres  of  farm  land,  a  small  i)ortion  of  which  is  at  present 
under  cultivation.     The  site  derives  its  name  from  a  small  artificial 
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lake,  which  covers  some  123  acres,  and  which  is  fed  in  summer  mainly 
by  waste  water  from  irrigated  lands  to  the  north  of  it.  As  is  showu 
by  the  topography  on  the  accompanying  plan  of  the  reservoir  (fig.  156), 
the  scale  of  surv^ey  of  which  was  1 : 7,500,  the  area  which  it  is  proposed 
to  impound  is  a  shallow  basin  with  irregular  outlines,  draining  into 
McElmo  Creek,  and  occupying  portions  of  sees.  19  and  20,  of  the  N.  J 
of  sec.  30,  and  of  the  K  J  of  sec.  29,  all  in  T.  3G  K,  E.  15  W.  of  the  New 
Mexico  principal  meridian.  Rocky  Ford  lateral  finds  its  way  across 
the  basin  at  present,  following  a  natural  channel,  once  a  tributary  to 
McElmo  Creek.  It  is  proposed  to  dam  the  lower  portion  of  this  basin 
by  means  of  an  earthen  dam  about  8,000  feet  long,  as  indicated  on  the 
plan,  the  water  level  being  assumed  to  be  at  contour  line  75. 


Fig.  156. — Map  of  Morton  Lake  reservoir  site. 


The  above  map  gives  on  reduced  scale  the  general  outlines  of  the 
proposed  Morton  Lake  reservoir.  Its  area  and  capacity  at  vertical 
intervals  of  5  feet  are  also  shown  in  the  followiug  table. 
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Area  and  capacity  of  Morton  Lake  reservoir. 
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Area. 
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161.1 

832.  3 

2,  620.  0 

5. 573.  2 

9,  337  4 

9,  337.  4 

In  designing  the  dam  it  lias  been  found  desirable,  as  in  the  case  of 
Narraguinnep  dam,  to  provide  for  a  roadway  on  top,  since  with  the 
flooding  of  this  land  several  main  roads  are  destroyed,  among  them  a 
section  of  the  road  from  Oortez  to  Mancosj  and  lor  the  further  reason 
that  traffic  over  this  dam  will  tend  to  prevent  prairie  dogs  from  burrow- 
ing in  its  interior — a  matter  of  no  little  imi:)ortance,  in  view  of  the  fact 
that  the  only  soil  available  for  the  construction  is  of  an  adobelike  con- 
sistency, any  washing  of  which  would  be  attended  with  the  gravest 
consequences.  Except  for  a  section  about  60  feet  long,  where  the  dam 
crosses  an  arroyo,  its  height  will  not  exceed  38  feet  in  the  deepest  place, 
the  crest  being  at  the  83-foot  level.  In  computing  the  contents  of  the 
dam  a  water  slope  of  3  to  1  and  a  downstream  slope  of  2  to  1  were 
adopted. 

In  the  construction  of  this  dam  the  greatest  care  should  be  exercised 
in  compacting  the  earthwork  by  a  systematic  x)uddling  of  the  materials 
as  they  are  being  laid  in  place.  Much  judgment  should  be  used  as  to 
the  amount  of  water  needed,  as  a  superabundance  of  the  latter  would 
render  a  collapse  inevitable,  owing  to  the  poor  quality  of  the  materials 
available.  As  a  protection  against  wave  action  and  against  the  tramp- 
ling of  cattle  watering,  the  water  slope  should  be  covered  with  a  loose 
layer  of  rock  or  light  riprap. 

A  site  for  a  spillway  was  selected  on  the  top  of  the  hill  near  the 
cemetery,  as  is  shown  on  the  plan.  The  hill  at  this  point  has  an  eleva- 
tion of  about  73  feet.  As  the  sandstone  rock  does  not  seem  to  extend 
much  above  the  60-foot  contour,  the  spillway  would  be  best  constructed 
here  of  timber,  the  sides  consisting  of  sheet  piling  and  the  floor  of  two 
aprons  made  of  4-incli  planking,  the  crest  being  at  the  75-foot  level. 
These  aprons  could  be  secured  by  a  pile  foundation  with  rock  filling 
up  to  the  required  level,  the  upstream  apron  to  be  30  feet  long  and  the 
downstream  apron  50  feet  long.  The  width  of  the  spillway  has  been 
estimated  at  200  feet,  on  a  basis  of  providing  for  the  safe  overflow  of 
storm  water  from  about  20  square  miles,  being  approximately  the  drain- 
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age  area  of  Mortou  Lake  and  Eocky  Ford  lateral.  The  latter  is  to 
feed  the  reservoir,  while  the  gates  would  probably  be  best  located  so 
as  to  discharge  into  the  present  ditch. 

The  following  is  an  approximate  estimate  of  the  cost  of  constructing 
the  dam  and  spillway,  and  the  probable  laud  damages: 

Earth  embaukmeut,  430,000  cubic  yards,  at  10  cents $43,  000 

Riprap,  53,000  square  yards,  at  15  cents 8,  000 

Gates  and  accessories 3,  000 

Lumber  in  waste  weir 3,  000 

Engineering  and.  contingencies 8,  000 

Land  damages 1,  000 

Total 72,  000 


Fig.  157. — Map  of  Morton  Lake  dam  site. 

It  was  noticed  that  during  the  greater  part  of  October  the  level  of 
Morton  Lake  remained  practically  the  same,  uo  material  fluctuatious 
being  apparent.  An  inspection  proved  that  during  that  period  the 
depth  of  the  lake  probably  did  not  exceed  2  feet  in  the  deepest  i)lace, 
the  loss  from  leakage  at  the  outlet  being  trifling,  while  the  entire  inflow 
was  estimated  at  nearly  1  cubic  foot*  per  second.  From  this  it  appears 
that  the  evaporation  from  the  surface  of  the  lake  would  exceed  a  depth  of 
5  inches  a  month,  a  rate  which  does  not  seem  excessive  for  this  locality 
as  compared  with  that  obtained  from  actual  experiments  made  elsewhere 
in  the  arid  regions  of  the  United  States.     In  the  discussion  which  fol- 
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lows  of  the  storage  capacities  of  the  two  reservoirs,  evaporation  from 
their  surfaces  lias  been  allowed  for  at  the  following  rates: 


Estimated  ei'aporation  from  Narraguinnep  and  Morton  Lake  reservoirs. 


Month. 


January 
February 
March  ... 

April  

May 

June 

July  ..... 


Evapora- 
tiou. 


Inches. 
2 


2 
3 


5.  5 


6.5 

7 

8 


Month. 


August 

September  .. 

October 

November  . . . 
December 

The  year 


Evapora- 
tion. 


Inches. 

9 

7 
5 
3 


•'        ! 


60 


STORAGE    CAPACITY    OF    PROPOSED   SYSTEM. 

For  the  sake  of  simplicity  and  for  convenience  of  comi)utation  the 
unit  adopted  in  the  following  discussion  is  the  acre-foot,  a  quantity 
representing  1  acre  covered  by  water  to  the  depth  of  1  foot.  It  will 
appear,  then,  that  a  continuous  flow  of  1G6§  cubic  feet  per  second  dur- 
ing twenty-four  hours  is  eciuivalent  to  330  acre-feet. 

The  maximum  capacity  of  the  proposed  reservoirs,  as  seen  from  the 
preceding  tables,  is  (>,109  acre  feet  in  the  Narraguinnep  Reservoir  and 
9,337  acre-feet  in  the  Morton  Lake  Keservoir  or,  in  other  words,  the 
storage  from  the  former,  neglecting  losses  from  seepage  and  evapora- 
tion, would  furnish  a  continuous  flow  of  1G6|  second  feet  during  18^ 
days,  and  the  storage  from  the  latter  would  in  a  similar  way  last  28J 
days,  while  the  two  reservoirs  together  would  be  able  to  furnish  the 
desired  quantity  during  4(>.7  days.  An  inspection  of  the  discharge  of 
the  Dolores  Eiver  for  the  past  four  years  will  reveal  that  the  periods 
when  little  or  no  water  is  available  to  feed  the  reservoirs  extend  usually 
over  more  than  two  consecutive  months  during  an  irrigation  season, 
the  latter  being  reckoned  from  April  1  to  November  1,  and  it  becomes, 
therefore,  apparent  at  the  first  glance  that  the  storage  capacity  falls 
short  of  the  requirements.  Elaborate  computations  have  been  made 
in  order  to  ascertain  what  the  probable  record  for  each  reservoir  would 
have  been  throughout  the  entire  period  under  the  following  assumptions : 

The  company  having  under  irrigation  about  8,000  acres,  the  quantity 
required  for  its  use  has  been  assumed  at  100  second-feet,  and  this  has 
been  allowed  the  company  at  all  times  during  the  irrigation  season, 
when  the  flow  of  the  river  could  be  made  to  furnish  this  amount. 
Where  the  flow  of  the  river  falls  below  100  second-feet  the  entire  amount 
has  been  credited  to  the  company,  but  no  storage  water  has  been 
allowed  for  its  use,  this  being  reserved  entirely  for  supplying  the  reser- 
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vatioii  lands.  It  has  further  been  assumed  that  the  ditches  feeding 
each  reservoir  would  be  enlarged  to  a  maximum  capacity  of  200  second 
feet.  All  losses  by  evaporation  from  the  surface  of  the  reservoirs  have 
been  duly  allowed  for,  based  on  the  preceding  table.  The  results  of 
these  computations,  as  made  for  Morton  Lake  Reservoir,  are  graphically 
represented  in  the  diagrams  on  the  following  pages,  in  which  the  broken 
line  represents  the  daily  discharges  in  acre-feet  of  Dolores  Kiver.  The 
dotted  line  running  across  the  lower  part  of  the  diagrams  indicates  the 
amount  of  1G6§  second-feet  increased  by  100  second-feet,  being  the 
total  amount  required  throughout  the  irrigation  season  by  the  company 
for  supplying  all  its  customers,  including  the  reservation  lands.  No 
allowance  has  been  made  here  for  losses  by  seepage  and  evaporation 
along  the  ditches  between  the  head  gates  and  the  points  of  deliv^ery. 
Assuming  now  an  inflow  into  the  reservoir  not  exceeding  a  maximum 
of  200  second-feet,  and  a  constant  outflow  of  166|  second-feet,  the  con- 
tents of  the  reservoir  may  be  indicated  by  the  dotted  line  in  the  upper 
half  of  the  diagram,  the  ordinates  of  which  represent  the  contents  in 
acre-i'eet  at  any  date  throughout  the  period.  On  this  assumption  the 
reservoir  would  have  run  dry  in  1895  on  September  12,  in  1890  on  July 
23,  and  in  1898  on  August  26,  while  in  1897  there  would  have  been  no 
shortage  at  any  time  during  the  irrigation  season.  It  will  be  seen  from 
the  diagrams  that  a  freshet  during  the  latter  part  of  September,  1896, 
would  have  furnished  a  flow  for  nearly  a  week,  after  which  the  supply 
would  again  have  been  exhausted.  Obviously  it  is  impossible  to  All 
the  reservoir  or  obtain  the  desired  flow  when  the  reservoir  has  once 
been  allowed  to  become  empty  during  the  latter  part  of  the  season, 
there  not  being  water  enough  in  the  river  then  to  supply  even  the 
amount  required  by  the  present  users,  not  to  mention  other  parties  who 
have  prior  water  rights  on  the  river. 

Similar  computations  based  on  the  same  inflow  and  a  continuous 
outflow  of  100  second-feet  give  results  as  indicated  in  the  diagrams  by 
a •  — •  line,  from  which  it  appears  that  on  this  assumi)tion  the  res- 
ervoir would  have  run  dry  in  1895  on  October  10;  it  would  have  run 
dry  in  1896  on  August  13,  full  flow  taking  place  again  from  September 
23  to  October  9;  and  in  1898  the  flow  would  have  ceased  September  21. 

It  has  been  ascertained  next  by  a  tentative  method  the  amount  of 
water  which,  on  the  above  assumptions,  could  have  been  delivered 
without  interruption  during  the  irrigation  seasons  of  these  four  years. 
Taking  each  year  separately,  it  was  found  that  70  second-feet  would 
have  been  the  maximum  for  1895,  and  50  second-feet  would  have  been 
the  maximum  for  both  1896  and  1898;  or  that  50  second-feet  would 
have  been  a  safe  maximum  for  the  period.  The  behavior  of  the  res- 
ervoir under  these  conditions  is  represented  by  a  •  • —  •  • line  in  the 

diagrams.  It  will  be  noticed  that  the  reservoir  has  been  assumed  as  full 
throughout  the  first  part  of  1895,  although  no  data  of  the  flow  of  Dolores 
Biver  are  available  before  June  23. 
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These  dotted  lines  just  described  appear  also  in  the  lower  portion  of 
the  diagram,  indicating  the  extent  to  which  the  flow  of  the  river  is 
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158.— Comparison  of  flow  of  Dolores  Eiver  and  available  storage  in  Morton  Lake,  1895. 
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Fig.  159. — Comparison  of  flow  of  Dolores  River  and  available  storage  in  Morton  Lake,  1896. 

utilized  in  each  case,  such  portions  of  the  discharge  curve  as  project 
above  these  lines  representing  water  going  to  waste.  In  the  case  of 
1897  the  dotted  line  corresponding  to  a  flow  of  106§  second-feet  is  the 
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only  ODe  represented,  no  shortage  occurring  in  delivering  this  amount 
during  the  contract  season  of  1897.     The  amount  of  water  going  to 
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waste  during  this  somewhat  wet  year  will  be  seen  to  be  very  consid- 
erable. 
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A  comparison  of  the  records  of  the  years  succeediDg  1895  shows  that 
the  assumption  before  noted  is  safe,  the  discharge  of  the  river  being 
usually  very  high  during  the  irrigating  season.  The  maximum  capacity 
of  the  feeding  ditch,  as  stated  above,  has  been  assumed  as  200  second- 
feet.  Although  at  first  thought  it  may  seem  that  this  cajjacity  is  small 
and  allows  a  considerable  quantity  of  available  water  to  go  to  waste 
during  the  high-water  season,  it  will  be  observed  that  the  amount  is 
ample  not  only  to  fill  the  reservoir  before  the  beginning  of  the  low- 
water  season,  but  even  before  the  beginning  of  the  irrigation  season, 
by  taking  advantage  of  the  month  of  March,  when  no  water  is  needed 
for  irrigation.  A  larger  capacity  of  the  feeding  ditch  would  mean  an 
increase  of  expenditure,  which  would  not  be  offset  by  the  small  advan- 
tage gained  infilling  the  reservoir  in  less  time;  nor  would  the  addi- 
tional storage  so  gained  during  the  late  summer  freshets  be  considera- 
ble, since  such  freshets  are  usually  too  sudden  and  too  short  to  permit 
storage  with  any  degree  of  economy. 

Similar  computations  have  been  made  for  the  Narraguinnep  reservoir, 
but  owing  to  its  inferiority  in  size  to  the  Morton  Lake  reservoir,  a 
lengthy  discussion  here  of  its  probable  record  during  these  four  years 
seems  unnecessary.  An  insi^ection  of  the  diagrams  shows  that  on  the 
supposition  of  both  reservoirs  being  used  in  conjunction,  not  only 
would  it  have  been  impossible  to  furnish  the  1()6|  second-feet  recjuired 
by  tbe  pro^^osed  contract,  but  that  even  a  flow  of  100  second-feet 
would  have  caused  a  shortage  in  September,  1896,  and  in  the  latter  part 
of  October,  1898.  Attention  is  called  to  the  fact  that  the  length  of 
ditches  necessary  to  carry  water  from  the  reservoir  to  the  reservation 
line  would  exceed  20  miles  in  open  arid  country,  and  that  the  loss  by 
seepage  and  evaporation  along  this  route  would  be  considerable,  prob- 
ably amounting  to  from  10  to  25  per  cent  of  the  initial  flow.  Therefore 
a  larger  quantity  than  the  one  to  be  furnished  at  the  reservation  line 
should  be  allowed  for  at  the  outlet  of  the  reservoir,  thus  materially 
increasing  the  duty  of  the  reservoir  over  the  amount  assumed  above. 

Throughout  the  above  discussion  no  account  has  been  taken  of  prior- 
ities of  water  rights  along  the  Dolores  Elver  and  tributaries.  As  appears 
from  the  Sixth  Biennial  Report  of  the  State  Engineer  of  Colorado  (pp. 
320-323),  the  company  then  known  as  the  Colorado  Consolidated  Land 
and  Water  Company  appropriated  on  November  25, 1885,  04.00  second- 
feet,  its  order  of  priority  being  No.  35,  and  the  amount  j^reviously 
appropriated  by  other  parties  being  35.48  second-feet.  Again  on  Feb- 
ruary 1,  1892,  under  order  of  priority  No.  74,  the  company  appropriated 
1,235.40  second-feet,  by  "constructive  priority,"  its  total  water  rigiits 
thus  aggregating  1,300  second-feet,  previous  priorities  appropriated 
by  other  parties  amounting  to  105.37  second-leet.  To  neglect  these 
previous  priorities,  however,  causes  no  considerable  error  in  the  com- 
putations made,  as  the  figures  of  flow  of  Dolores  Kiver  used  in  this  dis- 
cussion refer  to  the  gaging  station,  located  about  2  miles  above  the 
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betul  gates,  there  being  but  a  few  comparatively  small  ditches  taken 
out  along  this  distance.  Besides,  the  valley  is  narrow,  and  much  of  the 
water  that  is  diverted  from  the  river  onto  adjacent  lands  sooner  or  later 
finds  its  way  back  into  the  main  stream  through  the  gravelly  subsoil. 
It  is  not  to  be  overlooked,  nevertheless,  that  the  last-mentioned  factors 
have  a  tendency  to  diminish  the  quantity  available  for  irrigating  the 
reservation  lands,  and  that  the  above  comi)utations  leave  no  margin  of 
safety  for  such  losses. 

In  view  of  the  insufiScient  storage  capacity  of  the  reservoirs  in  the 
Montezuma  Yalley,  eilbrts  were  made  to  ascertain  whether  other  reser- 
voir sites  could  be  found,  in  order  to  sui^plement  the  deficiency  in  the 
first  named.  Many  sites  were  visited,  but  few  if  any  appeared  to  be 
practicable,  the  usual  objection  being  too  great  cost  and  too  small 
capacity.  The  valleys  as  a  rule  are  too  narrow  and  their  fall  too  great, 
as  shown  in  PI.  L,  A ,  and  B,  for  the  construction  of  reservoirs. 

A  reconnaissance  was  made  of  the  country  tributary  to  Dolores 
River  above  Dolores  and  of  areas  tributary  to  Montezuma  Valley. 
The  wor  k  was  carried  on  mostly  on  horseback,  and  was  of  the  character 
of  a  hasty  inspection,  the  only  instrument  used  being  a  hand  level, 
distances  being  measured  by  pacing. 

A  trip  was  made  over  the  mesa  lying  between  Dolores  River  and  Lost 
Canyon  Greek,  where  there  were  reported  to  be  several  small  sites. 
Mud  Spring  Park,  on  the  head  waters  of  Italian  Canyon,  which  drains 
into  the  Dolores  River,  is  a  small  depression  in  the  mesa,  in  which,  at 
certain  times  of  the  year,  more  or  less  water  gathers,  derived  from  the 
spring  after  which  this  park  is  named.  A  low  dam,  250  to  300  feet  long 
and  12  feet  high  in  the  deepest  place,  would  impound  an  area  of 
approximately  12  acres,  furnishing  a  probable  capacity  of  60  acre  feet. 
The  drainage  area  tributary  to  this  site  is  very  limited,  and  only  such 
waters  as  result  from  the  melting  of  the  snowfall,  which  is  very  con- 
siderable in  this  region,  can  be  depended  on  to  feed  the  reservoir.  It  is 
doubtful  whether  this  site,  owing  to  its  small  capacity,  is  of  any  impor- 
tance in  the  consideration  of  the  problem  at  hand.  A  small  reservoir  at 
this  point  might,  however,  be  of  benefit  for  a  single  ranch,  the  cost  of 
construction  and  maintenance  of  a  dam  of  the  above  size  not  being 
very  considerable.  There  are  a  number  of  small  basins  in  this  mesa, 
the  majority  of  which  fail  to  meet  the  requirements  by  having  too  much 
slope  and  consequently  too  little  capacity,  while  the  dams  necessary 
would  in  all  cases  be  of  too  costly  a  nature. 

Another  reservoir  site,  known  as  the  *'01d  Fields'^  reservoir,  was 
visited.  It  is  situated  at  the  head  waters  of  McElmo  Creek,  about  a 
mile  south  of  the  divide  between  Lost  Canyon  Creek  and  the  Mancos 
River.  The  remnants  of  a  dam  at  this  point  indicate  that  the  site  was 
once  before  utilized  for  storage  purposes.  Inspection  proved,  however, 
that  it  is  not  in  the  most  favorable  place,  but  that  by  constructing  a 
dam  approximately  900  feet  long  and  30  feet  high  some  distance  above 
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the  site  of  the  present  dam  an  area  of  about  25  to  30  acres  could  be 
impounded  and  a  probable  capacity  of  400  acre-feet  obtained.  This 
site  also  depends  for  the  necessary  storage  water  on  the  water  result- 
ing from  snowfall,  which  amounts  to  4  or  5  feet.  It  is  possible,  how- 
ever, to  feed  the  reservoir  by  constructing  a  ditch  diverting  the  water 
from  Lost  Canyon  Creek  over  the  divide.  Such,  a  ditch  is  buiic  at  the 
present  time  for  a  large  part  of  the  way,  and  supplies  two  ranches  on 
the  top  of  the  divide.  There  would  be  no  difficulty  in  carrying  the 
storage  waters  into  the  Montezuma  Valley,  as  natural  water  channels 
can  be  taken  advantage  of  to  a  great  extent. 

The  mountainous  country  draining  into  the  West  Fork  of  Dolores 
River  contains  a  number  of  small  basins  which  can  be  filled  with  water 
from  the  tributaries  of  the  West  Fork,  most  of  which  are  perennial 
streams.  In  visiting  this  region  the  canyon  of  the  West  Fork  was 
inspected  throughout  its  entire  length,  but  no  dam  sites  were  encoun- 
tered below  the  settlement  of  Dunton.  Here  the  stream  cuts  through 
a  narrow  canvon  about  100  feet  wide,  above  which  is  a  shallow  basin 
which  has  comparatively  little  fall.  A  dam  55  feet  high  and  125  feet 
long  would  form  a  reservoir  covering  about  80  acres,  with  an  approxi- 
mate capacity  of  1,400  acre-feet.  In  this  basin  at  present  is  situated 
the  mining  camp  of  Hot  Springs,  or  Dunton  post-office,  besides  a  num- 
ber of  mining  claims,  some  30  acres  of  agricultural  farm  lands,  and  the 
hot  springs  from  which  the  settlement  has  derived  its  name.  At  the 
time  of  visit,  November  4,  189S,  the  flow  of  the  West  Fork  was  esti- 
mated at  4  second-feet,  which  is  significant,  inasmuch  as  the  season 
immediately  preceding  had  been  very  dry. ,  There  is,  therefore,  no  doubt 
as  to  an  abundance  of  water  for  supplying  a  reservoir  at  this  point. 
This  site  is  located  in  sec.  32,  T.  41  N.,  E.  11  W.,  New  Mexico  meridian. 

On  the  tributaries  of  the  Fish  Fork,  which  enters  the  West  Fork 
from  the  west,  the  following  reservoir  sites  were  visited: 

On  Groundhog  Creek  a  dam  55  feet  high  and  about  300  feet  long 
would  impound  an  area  of  150  acres,  consisting  of  nearly  level  grazing 
land  which  has  been  used  as  a  cattle  camp,  and  in  which  there  was  at 
the  time  of  visit  running  water,  the  total  flow  amounting  to  1  second- 
foot.  The  capacity  of  the  reservoir  was  estimated  at  3,000  acre  feet. 
It  was  not  possible  to  ascertain  the  exact  location  of  this  site,  the  coun- 
try not  having  as  yet  been  accurately  mapi^ed.  It  can  therefore  only 
be  stated  here  that  the  Groundhog  site  lies  approximately  in  sec.  15, 
T.  41  N.,  R.  13  W.,  New  Mexico  meridian. 

At  the  very  head  waters  of  Cottonwood  Creek,  another  tributary  of 
the  Fish  Fork,  a  dam  could  be  constructed  with  an  average  height  of 
30  feet,  damming  the  canyon  and  impounding  about  20  acres,  with  a 
capacity  of  about  300  acre-feet.  The  length  of  this  dam  would  be  130 
feet.    Only  snow  water  can  be  depended  on  to  feed  the  site. 

Another  branch  of  Cottonwood  Creek,  northeast  of  the  preceding, 
which  has  its  outlet  through  a  narrow  canyon,  can  be  impounded  with 
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a  dam  75  feet  high  and  600  feet  long.  A  reservoir  could  thus  be  formed 
here  covering  200  acres,  and  having  a  probable  capacity  of  3,000  acre- 
feet.  Here  again  the  water  resulting  from  snowfall  would  mainly  be 
depended  on  to  fill  the  reservoir. 

Another  reservoir  site  was  visited  on  Willow  Creek,  a  tributary  of 
Fish  Fork.  It  is  situated  about  1^  miles  above  the  point  of  discharge 
of  Willow  Greek  into  Fish  Fork.  A  dam  35  feet  high  and  about  400 
feet  long  would  back  water  about  1,800  feet,  forming  a  small  reservoir, 
covering  about  20  acres,  with  a  capacity  of  about  300  acre  feet.  This 
site  is  within  4  miles  of  Dunton  ])ost-of[ice,  and  would  be  fed  by  Willow 
Creek  and  several  springs. 

In  all  the  above  cases  ample  material  is  to  be  found  close  at  hand  for 
the  construction  of  substantial  earth  or  rock  filled  dams,  and  there  is 
little  doubt  that  some  of  the  dams  described  can  be  built  at  very 
moderate  cost. 

It  has  been  suggested  that  by  thus  storing  water  that  would  other- 
wise run  to  waste  during  times  of  high  water  the  company  would  be 
enabled  to  keep  on  hand  a  supply  which  would  be  available  in  the 
latter  part  of  the  irrigation  season  for  refilling  the  reservoirs  in  the 
Montezuma  Valley  and  for  supplying  such  deficiencies  as  would  other- 
wise occur  in  the  irrigation  water  contracted  for,  as  shown  above. 
Whether  such  schemes  can  be  effected  without  interfering  with  the 
water  rights  of  other  parties  along  the  river  is  questionable.  Water  so 
stored  represents  a  portion  of  the  natural  flow  of  the  river,  and  when 
turned  into  the  river  again  for  use  at  some  point  below,  as  in  the  case 
at  hand,  will  no  doubt  be  considered  by  many  irrigators  as  a  quantity 
upon  which  they  are  entitled  to  draw  to  the  full  extent  of  their  respec- 
tive water  rights.  It  may  also  be  asserted  that  the  construction  of 
dams  on  tributaries  for  the  purpose  of  storing  flood  waters  will  tend  to 
interfere  with  the  flow  of  such  tributaries  during  the  low- water  season, 
thereby  injuring  parties  by  depriving  them  of  waters  from  which  they 
would  otherwise  derive  benefit.  Without  entering  into  a  discussion  of 
the  legal  aspects  of  the  question,  it  may  be  pointed -out  here  that  the 
litigations  likely  to  arise  consequent  to  such  an  undertaking  should 
receive  due  consideration  before  any  steps  are  taken  toward  the 
construction  of  auxiliary  reservoirs. 

SUMMARY. 

The  results  of  the  investigation  may  now  be  summarized  as  follows : 

1.  Dolores  Eiver  furnishes  a  supply  available  for  irrigating  the  lands 
of  the  diminished  Ute  reserve. 

2.  Its  flood  flow  during  the  months  March  to  June,  inclusive,  1896, 
the  driest  year  of  the  period  considered,  exceeded  130,000  acre-feet,  or 
was  more  than  ample,  if  properly  stored,  to  furnish  a  continuous  flow  of 
166f  second-feet  from  April  1  to  i^ovember  1,  without  interfering  with 
the  rights  of  other  irrigators  along  the  river. 
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3.  The  only  practical  meaus  of  bringing  water  to  the  reservation  is 
tbrougli  the  ditch  system  now  existing  in  the  Montezuma  Valley^  prop- 
erly enlarged  and  equipped  with  the  necessary  storage  facilities. 

4.  The  capacity  of  the  proposed  Morton  Lake  storage  reservoir  would 
have  been  insufficient  to  meet  the  demands  of  the  above  contract  dur- 
ing the  irrigation  seasons  of  1895, 189(3,  and  1898,  but  would  have  been 
sufficient  in  1897. 

5.  The  joint  storage  in  the  two  proposed  reservoirs  would  have  been 
insufficient  to  provide  for  a  constant  delivery  of  166§  second-feet  dur- 
ing the  irrigation  seasons  of  1895,  1890,  and  1898. 

6.  The  joint  storage  in  the  ijroposed  reservoirs  would  have  been 
insufficient  to  provide  for  a  constant  delivery  of  100  second  feet  during 
the  irrigation  seasons  of  1896  and  1898. 

7.  The  storage  in  the  proposed  Morton  Lake  reservoir  could  during 
the  irrigation  season  of  1895  have  provided  for  a  continuous  flow  of  70 
second-feet;  similarly  in  1896  and  1898  it  could  have  provided  for  a 
continuous  flow  of  50  second-feet. 

8.  It  seems  improbable,  in  view  of  the  great  cost  of  construction,  that 
the  company  would  find  it  to  its  advantage  to  build  both  dams  when 
the  flow  contracted  for  is  to  be  less  than  100  second-feet.  Therefore  all 
that  the  company  could  have  furnished  during  the  period  1895  to  1898, 
on  the  supposition  that  it  had  built  Morton  Lake  reservoir,  would  have 
been  a  continuous  flow  not  exceeding  50  second- leet,  or  water  sufficient 
to  irrigate  3,000  acres,  not  taking  account  of  waste  by  seepage  and 
evaporation  in  bringing  it  to  the  reservation  line. 

9.  As  has  been  pointed  out  (pp.  396-400)  in  a  comparison  of  rainfall 
and  of  the  flow  of  streams  having  head  waters  in  the  same  mountains 
as  the  Dolores,  the  fluctuations  in  the  j)recipitation  and  run-off  during 
the  period  1895  to  1898  are  of  a  normal  character,  and  the  above  conclu- 
sions, based  on  them,  may  be  considered  to  hold  good  for  average  years. 

IIs^TERIOR  BASIK  DRAIXAOE. 

cruder  this-heading  has  been  included  that  portion  of  the  great  Inte- 
rior Basin  receiving  water  from  the  Sierra  ^N^evada  Mountains  on  the 
west  and  Humboldt  River  on  the  east.  Measurements  of  the  latter 
stream  have  been  made  since  1894  under  the  immediate  direction  of 
Mr.  L.  H.  Taylor. 

HUMBOLDT  RIVER. 

Humboldt  River  is  one  of  the  most  important  streams  in  [N^evada, 
both  on  account  of  the  volume  of  its  water  and  of  the  area  of  agricul- 
tural lands  along  its  course.  It'rises  in  the  northeastern  part  of  tlie 
State  and,  as  shown  on  fig.  162,  flows  in  a  general  westerly  and  south- 
westerly direction  nearly  across  Nevada,  finally  emptying  into  Hum- 
boldt Lake.  The  overflow  from  this  lake  continues  southward  about 
20  miles,  emptying  into  Carson  Sink.  Throughout  the  greater  ])art  of 
its  length  the  Humboldt  River  flows  in  a  tortuous  course  through  a 
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series  of  rich  alluvial  valleys,  the  sites  of  ancient  lakes.  The  entire 
area  of  the  basin  drained  is  about  14,500  square  miles,  or  one-eighth  of 
the  entire  area  of  all  Nevada.  This  is  included  within  portions  of  five 
different  counties,  Elko,  Eureka,  Lander,  Nye,  and  Humboldt.  It  has 
been  estimated  that  of  this  total  area  one  third  is  agricultural  land, 
ranging  in  elevation  from  4,000  to  0,500  feet.  About  one-fourth  of  the 
remainder  is  rolling  foothill  lands,  and  the  rest  consists  of  mountain 
ranges,  some  of  these  rising  to  altitudes  of  13,000  feet.  These  moun- 
tains have  a  general  north  and  south  trend,  the  course  of  the  river 
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Fig.  162. —  Relative  location  of  river  and  rainfall  observations  in  basin  of  Humboldt  River. 

being  at  right  angles  to  these.     Thus  the  Humboldt  Basin  is  divided 
into  several  distinct  divisions  or  districts. 

The  eastern  division  of  the  Humboldt  Basin  lies  within  the  counties 
of  Elko  and  Eureka.  It  consists  of  a  number  of  smaller  basins,  the 
drainage  from  which  has  cut  what  is  known  as  Palisade  Canyon  through 
the  high  ground  forming  the  divide  between  the  eastern  basin  and  the 
central  division.  Within  this  latter  division  is  Battle  Mountain  Val- 
ley. To  the  west  of  this  is  Emigrant  Canyon,  and  beyond  this  the  west- 
ern division  containing  Humboldt  Lake.     The  origin  of  the  existing 
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features  are  discussed  by  Prof.  Israel  ().  Russell  in  his  moiiograpli  on 
Lake  Laliontan.' 

The  agricultural  lands  are  found  not  only  along  the  main  river,  but 
also  in  the  valleys  of  the  numerous  tributary  streams  eiiteriug  from  the 
north  and  south.  A  considerable  area  has  been  brought  under  irriga- 
tion in  most  of  these  valleys  and  the  soil  has  been  found  to  be  exceed- 
ingly fertile  wherever  there  is  sufficient  supply  of  water.  A  number  of 
ditches  and  canals  have  been  built/  sufficient  to  take  the  greater  part 
of  the  water  flowing  in  the  streams  in  ordinary  seasons,  but  a  great 
quantity  goes  to  waste  during  the  spring  floods.  It  has  long  been 
obvious  that  in  order  to  fully  utilize  the  resources  of  this  part  of 
Nevada,  storage  reservoirs  must  be  built.  A  general  study  of  the 
amount  of  water  available  for  these  has  been  made,  river  stations  hav- 
ing been  established  at  a  number  of  places  within  the  basin  of  the 
Humboldt,  as  described  in  previous  publications.- 

The  following  tables  give  the  results  of  measurements  made  during 
1898,  and  flgs.  10;3  to  1G7  show  graphically  the  quantity  of  water 
throughout  several  years. 

Estimated  monthly  discharge  of  North  Fork  of  Huniholdt  River  at  Feko,  Nevada. 

[Drainage  area,  1,020  square  miles.] 


Mouth. 


Discharge  in  secoud-feet. 


1898. 
March  26-31 

April 

May 

Juue 

July 

August 

September  . 

October 

November  . . 
December  .. 


Maxi- 
mum. 


55 

229 

257 

120 

23 

7 

1 

8 

28 

28 


Mini- 
mum. 

Mean. 

45 

50 

50 

101 

72 

147 

11 

65 

6 

13 

0.3 

4 

0.3 

0.6 

1 

6 

8 

17 

18 

24 

Total  in  acre- 
lee  t. 


3,074 

6,010 

9,039 

3,868 

799 

266 

33 

379 

1,012 

1,476 


Run-oflf. 


Depth  in 
inches. 


0.  055 
0.110 
0.166 
0.072 
0.014 
0.005 
0.001 
0.007 
0.018 
0.028 


Second- 
feet  per 
square 
mile. 


0.048 
0.099 
0.144 
0.064 
0.013 
0.004 
0.001 
0.006 
0.016 
0.024 


Note.— A  description  of  this  station  is  given  in  Water-Supply  and  Irrigation  Paper  Xo.  28,  page 
145.     Gage  heights  for  1898  are  given  on  page  148;  measurements,  page  153;  and  rating  table,  page  154. 

'  Geological  History  of  Lake  Lahontan,  a  Quarternary  Lake  of  Northwestern  Nevada,  by  Israel  Cook 
Kussel,  Monograph  XI  of  the  United  States  Geological  Survey,  1885. 

^Report  of  Progress  of  the  Division  of  Hydrography  for  the  Calendar  Tears  1893-1894.  Bull.  No. 
131,  p.  52.    Description  of  Golconda  Station  on  Humboldt  River. 

Progress  Report  of  the  Division  of  Hydrography  for  the  Calendar  Year  1895.  Bull.  No.  140,  p.  215. 
Description  of  Humboldt  River,  Elko,  Golconda,  and  Oreana  Stations. 

Eighteenth  Annual  Report,  Part  IV,  Hydrography,  p.  299.  Description  of  Elko,  Battle  Mountain, 
Golconda,  and  Oreana  Stations  on  Humboldt  River;  also  Battle  Mountain  Station  on  Rock  Creek  and 
Mason's  Ranch  Station  at  South  Fork  of  Humboldt  River. 

Nineteenth  Annual  Report,  Part  IV,  p.  424.  Results  obtained  at  Elko,  Battle  Mountain,  Humboldt, 
and  Oreana  Stations  on  Humboldt  River;  also  at  Mason's  Ranch  on  South  Fork  of  Humboldt  River. 
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Sec.-ft. 
1,  200 

1,  100 

JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC.    1 
10  20   1 

1,000 

900 

800 
700 

GOO 

— 

500 

— 

— 

— 

400 
^00 

900 

' 

1 

_l 

1 

Ifl 

100 

i 

,1 

Ju 

t 

0 
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'0 
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■£ 

Z5 

!£ 

J 

i 
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i 

M 

4 

J, 

^ 

^ 

Tig.  163.— Discharge  of  North  Fork  of  Humbohlt  River  at  Peko,  Nevada,  1898. 

Estimaied  monthly  discharge  of  Hinnholdt  liiver  at  Elko,  Nevada. 

[Drainage  area,  2,840  square  miles.] 


Month. 


1898. 
January  . . 
February  . 

March 

April 

May 

June 

July 

August 

September 

October  

November. 
December  . 


The  year 


Discharge  in  second -feet. 


Maxi- 
mum. 


78 

565 

565 

269 

478 

450 

177 

3 

6 

10 

24 

39 


565 


Mini- 
mum. 


51 

57 

137 

137 

199 

177 

3 

1 

1 

4 

6 

19 


Mean. 


65 

206 

271 

209 

348 

359 

58 

1 

2 

6 

15 

24 


130 


Total  in  acre- 
feet. 


3,997 

11,441 

16,  663 

12,  436 

21,  398 

21,  362 

3,  566 

81 

89 

394 

882 

1,497 


93,  806 


Run-ofF. 


Second- 
De])th  in      feet  i)er 
inches.    I     square 
1       mile. 


0.027 
0.076 
0.110 
0.081 
0.142 
0.141 
0.024 
0.001 
0.001 
0.  003 
0.006 
0.010 

0.62 


0.023 
0.073 
0.095 
0.073 
0. 123 
0.127 
0.021 
0.001 
0.001 
0.002 
0.  005 
0.009 

0.05 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  147; 
measurements,  page  153;  rating  table,  page  154.  Results  for  1897  are  given  in  Water-Supply  and 
Irrigation  Paper  No.  16,  page  152,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  424  to  426. 
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Fig.  164.— Di.s(liiir<,'o  of  HmnboUlt  River  at  Elko,  Nevada,  1897-98. 

Estimated  montkhj  discharge  of  Humboldt  River  at  Golconda,  Nevada. 

[Drainage  area,  10,780  square  miles.] 


Mouth. 


1898. 
J  an  liar  J"  . . 
February   . 

March 

April 

May 

•Tune 

July 

August 

September  . 

October 

November. . 
December  . . 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


The  year 
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451 
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321 
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27 

2 

1 

1 
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22 
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27 

2 

1 
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• 
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306 

Kun-off. 


Depth  in 
inches. 


Second- 

feet-per 

square 

mile. 


5,780 

14,  816 

7,317 

492 

60 

61 

60 

430 


130 


93, 402 


0.022 
0.026 
0.045 
0.020 
0.010 
0.026 
0.013 
0.001 
0.000 
0.000 
0.000 
0.001 

0.164 


0.019 

0.025 

0.039 

0.018 

0.009 

0.023 

0.011 

0.001 

0.000 

0.000 

0.  000 

0.001 


0.012 


XoTE.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  ISo.  28,  page  148; 
measurements,  page  153;  rating  table,  page  154.  Hesults  for  1897  are  given  in  Water-Supply  ami  Irri- 
gation Paper  No.  16,  page  154,  and  in  the  Nineteenth  Annual  Pveport,  Part  IV,  page  427. 
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Fig.  165.— Diacharseof  Humboldt  Iliver  at  Golconda,  Nevada,  1897-08. 

Esiimated  monthhj  dischanje  of  HnmhoUlt  Hirer  at  Oreana,  Xerada 

[Drainage  area,  i:j,800  sciuare  luiles.] 


Discharge  in  second-feet. 


Month. 


Maxi- 
nnini. 


Mini- 
uiiini. 


Total  in  acre- 
feet. 


^Mean. 


1898. 
January  . . 
FeUniary  . 
March  .... 

Aj)ril 

May 

JiiDe 


274 

252 

474 

252 
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274 

297 

68 

61: 

28 

48 

22 
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451 
169 
39 
28 


Kun-off. 


Deptli  ill 
inches. 


15,  925 

16,  661 
27,  731 
10,  057 

2,398 
1,666 


0.  022 
0.023 
0.038 
0.014 
0.003 
0.002 


Second- 
feet  per 
square 
mile. 


0.  019 
0.  022 
0.033 
0.012 
0.003 
0.002 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  148; 
measurements,  page  153;  rating  table,  page  154.  Kesults  for  1897  are  given  in  Water-Supply  and  Irri- 
gation Paper  No.  16,  page  155,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  428  and  429. 
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Tig.  166.-  Discharge  of  Humboldt  River  at  Oreana,  Nevada,  1897-98. 

Estimated  monthly  discharge  of  South  Fork  of  Humholdt  River  at  Mason's  Bunch,  Nevada. 

[Drainage  area,  1,150  square  miles.] 


Month. 


1898. 
January  .  .. 
February  .. 

Marclk 

April 

May 

June 

July 

August 

September  . 

October 

November  . . 
December  . . 


Discharge  in  second- feet. 


Maxi- 
mum. 


The  year 


132 
434 

150 

276 

460 

473 

210 

10 

6 

29 

57 

70 


Mini- 
mum. 


51 
64 

70 

99 
179 
221 

14 
0.1 
0.1 
6 

24 

29 


Mean. 


473 


0.1 


78 

191 

116 

165 

290 

355 

86 

4 

2 

18 

29 

39 


114 


Total  in  acre- 
feet. 


Run-oflf. 


4,796 

10,  608 

7,133 

9,818 

17,  856 

21, 124 

5,288 

246 

119 

1,107 

1,726 

2,367 


Depth  in 
inches. 


0.078 
0.173 
0.116 
0.160 
0.288 
0.345 
0.087 
0.004 
0.002 
0.018 
0.028 
0.039 


Second - 

feet  per 

square 

mile. 


82, 188 


1.34 


0.068 
0.166 
0.101 
0.143 
0.252 
0.309 
0.075 
0.003 
0.002 
0.015 
0.025 
0.034 


0.099 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  148, 
measurements,  page  153 ;  rating  table,  page  154.  Results  for  1897  ai-e  given  in  Water-Supply  and  Irri- 
gation Paper  No.  16,  page  156,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  429  to  430. 
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Pig.  167. — Discbarge  of  South  Fork  of  Humboldt  River  at  Mason's  Eancb,  Xevada,  1898. 

Surveys  of  various  reservoir  sites  along  Humboldt  IMver  have  been 
made  by  Mr.  L.  H.  Taylor  at  the  instance  of  individuals  or  corporations 
and  a  considerable  body  of  valuable  information  has  thus  been  brought 
together.  The  principal  sites  examined  are  those  on  Kock  Creek,  near 
Battle  Mountain,  and  in  the  Lower  Humboldt  Valley  above  Oreana. 
The  following  facts  concerning  these  localities  are  taken  from  the 
reports  by  Mr.  Taylor. 

ROCK   CREEK   STORAGE    SYSTEM. 

Rock  Creek  reservoir  site  is  located  on  Rock  Creek  on  the  northern 
boundary  of  Lander  County,  the  northern  i^art  being  in  Elko  County. 
It  is  in  portions  of  townships  35  and  3G  1^.,  R.  47  E.  The  general  shape 
of  the  reservoir  is  shown  in  fig.  168.  The  project  for  utilizing  this 
reservoir  site  involves  the  turning  back  of  the  stored  water  into  Rock 
Creek,  down  which  the  water  will  flow  to  Humboldt  River,  being 
diverted  by  a  dam  placed  about  6  miles  above  the  town  of  Battle 
Mountain.  Excess  water  will  be  allowed  to  flow  in  the  river  down  to 
a  point  near  Golconda,  where  it  can  be  taken  out  on  the  o[)posite  or 
south  side  of  the  stream  by  means  of  a  second  canal.  The  first  canal — 
that  near  Battle  Mountain — will  cover  about  60,000  acres  of  land  on  the 
north  side  of  the  river  extending  down  the  valley  a  distance  of  about 
30  miles  from  the  diverting  dam.  The  second  canal,  heading  about 
4  miles  above  the  town  of  Golconda,  will  cover  about  40,000  acres  on 
the  south  side  of  the  river  between  Golconda  and  Winnemucca.  The 
water  supply  for  the  reservoir  and  for  these  canals  is  shown  by  the 
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tables  aud  diagrams  ou  the  preceding  pages.     The  following  statement 
has  been  prex)ared  by  Mr.  Taylor: 

Book  Creek  reservoir  site. — The  area  of  watershecl  tributary  to  the  reservoir  at 
Rock  Creek  is  over  750  square  miles,  the  greater  portion  of  which  is  liigb,  moun- 
tainous territory,  where  tlie  annual  precipitation  in  the  form  of  snow  is  very  heavy, 
lingering"  late  in  tlie  spring  and  early  summer  before  it  melts.  The  altitude  at  the 
dam  is  about  5,000  feet  and  the  watershed  is  mostly  over  6,000  feet,  aud  from  that 
to  10,000  or  11,000  feet. 

The  mean  precipitation  at  Battle  Mountain,  elevation  4,511  feet,  is  about  7  inches; 
at  Tuscarora,  elevation  6,400  feet,  about  21  inches,  and  these  are  the  only  two 
Weather  Bureau  stations  near  the  watershed  in  question.  On  the  mountains  the 
precipitation  increases  with  the  altitude  at  much  greater  ratio  than  in  the  valleys, 
and  the  record  kept  at  the  stations  on  the  Central  Pacific  Railroad  shows  that  this 
ratio  of  increase  ascending  the  Sierra  Nevada  from  Sacramento  is  as  great  as  3  per 
cent  per  hundred  feet.  On  this  basis  the  precipitation  and  run-oft"  may  be  roughly 
estimated  as  follows: 


Fm.  168.— Map  ot  Rock  Creek  reservoir,  Lauder  County,  Nevada. 
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Fig.  169. — Plan  of  dam  site  of  Rock  Creek  reservoir,  Lander  County,  Nevada. 
Precipitation  and  run-off  from  watershed  tributary  to  Bock  Creek  reservoir. 
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The  percentage  of  nin-off  is  taken  from  the  ''Newell  Curve/'  ^  and  is  for  tLe  lar/^er 
volume  given  for  mountainous  areas.  This  estimate  gives  a  run-oft'  of  6.25  inches 
from  the  whole  watershed,  which  would  thus  yield  about  250,000  acre-feet,  or  more 
than  three  times  the  quantity  needed  to  fill  the  reservoir.  The  estimate  does  not 
seem  excessive,  hut  it  may  nevertheless  be  too  high  for  this  arid  region.  It  may 
therefore  be  divided  by  three  and  still  have  an  ample  supply  to  fill  the  reservoir 
and  leave  a  reserve  to  help  maintain  evaporation.  Confidence  is  felt  in  the  filling 
capacity'  of  the  reservoir  with  so  large  a  watershed  to  keep  it  supplied.  The  stream 
is  a  living  one  in  the  dryest  season,  and  is  well  stocked  with  trout  in  all  its  tribu- 
taries, as  well  as  in  the  main  canyon  below  the  dam  site.  During  the  fall  of  1895 
the  lowest  stage  reached  was  about  6  cubic  feet  per  second.  It  is  proposed  to  build 
a  reservoir  having  a  capacity  of  80,000  acre-feet  (26,100,000,000  gallons),  which  will 
furnish  all  the  water  that  will  be  required  to  supplement  the  flow  of  the  river  dur- 
ing the  dryest  years  and  allow  ample  for  evaporation.  The  survey  of  the  reservoir 
basin  shows  that  with  a  dam  whose  high- water  line  is  75  feet  above  the  present 
creek  bed  the  reservoir  will  cover  3,670  acres  and  have  a  capacity  of  80,000  acre-feet, 
and  that  if  the  dam  be  raised  15  feet  higher,  making  the  high-water  line  at  90  feet, 
the  area  will  be  increased  to  about  5,700  acres  and  the  capacity  to  150,000  acre-feet. 
However,  since  it  is  not  certain  that  the  watershed  is  capable  of  filling  the  greater 
reservoir,  estimates  have  been  made  for  the  dam  whose  high-water  line  shall  be  at 
75  feet,  and  height  above  base  85  feet.  Besides  this  water  supply,  exj^erience  has 
shown  that  a  considerable  portion  of  the  water  applied  to  lands  bordering  a  stream 
will  naturally  return  in  time  by  i)ercolation  to  the  stream,  and  may  be  used  again 
at  points  farther  down.  Thns,  of  the  water  diverted  for  the  irrigation  of  lauds 
near  Battle  Mountain  some  will  return  to  the  river  and  be  available  for  use  at  Gol- 
conda.  This  result  is  rendered  more  certain  from  the  fact  that  the  entire  drainage 
of  the  Battle  Mountain  district  must  pass  through  a  narrow  canyon  before  it  reaches 
the  lower  or  Golcouda  Canal.  AVhile  the  volume  of  this  return  water  can  not  be 
determined  beforehand,  from  a  close  study  of  the  matter  by  engineers  in  Colorado 
and  elsewhere  under  conditions  similar  to  those  existing  here,  where  the  return  is 
from  30  to  50  per  cent  of  the  amount  applied  to  the  land,  it  is  estimated  that  in  time 
not  less  than  25  per  cent  of  the  volume  of  water  applied  to  the  Battle  Mountain 
tract  will  returu  and  be  available  for  use  at  Golconda,  thus  increasing  the  supply 
at  that  point  during  the  irrigating  season  by  from  35  to  50  cubic  feet  per  second. 

Proposed  dam. — The  dam  site  is  as  remarkable  for  its  general  excellence  as  the 
reservoir  just  described,  and  the  combination  of  the  two  form  one  of  the  most  notable 
localities  for  a  storage  reservoir.  The  gorge  where  the  dam  is  to  be  located  is  walled 
on  both  sides  by  rhyolite,  of  a  reddish-brown  color,  hard  and  flinty  in  its  nature, 
and  so  crystalline  and  compact  as  to  have  resisted  the  disintegrating  action  of  the 
weather.  Little  stripping  of  the  surface  is  required  to  prepare  it  to  receive  the 
foundation  of  a  dam.  The  bed  of  the  canj  on  is  unfortunately  covered  with  sand, 
and  the  depth  of  the  bed  rock  over  the  entire  foundation  has  not  yet  been  determined, 
but  from  the  soundings  made  it  appears  that  the  mean  depth  will  not  exceed  6  feet, 
ranging  from  3  feet  to  perhaps  as  great  a  depth  as  12  feet.  The  rock  rises  almost 
vertically  from  the  stream  bed  to  a  height  of  60  feet  on  the  right  bank,  and  about 
200  feet  on  the  left  bank,  the  width  at  bottom  being  113  feet;  at  56  feet  high  the 
width  is  155  feet;  at  66  feet,  170  feet;  at  75  feet  high,  250  feet;  at  85  feet,  340  feet; 
and  at  100  feet,  480  feet. 

The  dam  recommended  for  this  situation  would  cost  about  $60,000,  and  have  a 
height  of  85  feet,  or  10  feet  above  high-water  line  in  the  reservoir.  It  would  consist 
of  a  rock  fill  or  loose-rock  embankment  with  a  base  of  275  feet  up  and  down  stream, 
a  width  of  20  feet  on  top,  and  side  slopes  of  1|  to  1.  This  fill  can  be  thrown  into 
place  from  the  adjacent  clifl",  and  almost  entirely  made  at  one  huge  blast,  and  at  a  low 

1  fourteen  til  Annnal  Keport,  Part  II,  page  151;  also  Eighteenth  Annual  Report,  Part  IV,  PI. 
LXXXII,  page  694. 
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cost.  It  would  contain  about  70,000  cubic  yards  and  be  faced  on  the  waterside  by 
an  embankment  of  earth  having  a  slope  of  3  to  1  and  covered  with  a  revetment  of 
rock  2  feet  thick  to  i)ievent  erosion.  The  earth  is  to  be  put  in  by  scrapers,  well 
puddled  and  sluiced  into  the  interstices  of  the  rock  embankment  as  it  is  built.  An 
abundance  of  fine  loam  suitable  for  the  purpose  is  at  hand  in  the  valley  above  the 
dam,  within  1,000  feet  at  the  outside. 

The  outlet  to  the  reservoir  is  to  be  by  means  of  a  tunnel  6  by  7  f(^et,  excavated 
in  the  solid  rock  to  one  side  of  the  dam,  and  to  be  fitted  with  suitable  pipes  and 
gates.  In  the  Pecos  Valley,  New  Mexico,  are  two  notable  structures  of  this  type, 
but  lighter  in  cross  section,  which  are  1,300  and  1,600  feet  in  length,  one  of  them 
forming  one  of  the  largest  reservoirs  in  the  United  States.  . 

The  possibility  of  handling  large  masses  of  rock  at  one  blast  has  been  repeatedly 
demonstrated.  Several  notable  blasts  of  this  character  have  been  made  in  railroad 
construction  on  the  Columbia  River  and  on  Vancouver  Island,  the  shots  ranging 
from  40,000  to  100,000  cubic  yards  and  the  cost  from  3  to  6  cents  per  cubic  yard.  At 
the  Otay  dam,  near  San  Diego,  a  recent  blast  loosened  over  30,000  cubic  yards,  which 
was  afterwards  picked  up  and  conveyed  by  a  Lidgerwood  wire  cableway  100  to  500 
feet,  at  a  total  cost  of  about  50  cents  per  yard.  A  later  blast  at  the  same  place 
loosened  and  threw  out  about  80,0Q0  cubic  yards.  In  this  location  the  canyon  is  so 
narrow  and  the  rock  so  hard  there  will  be  little  difficulty  in  adjusting  the  tunnels 
so  as  to  throw  the  rock  to  the  right  j)lace  and  almost  completely  fill  the  canyon  at 
one  blast. 

A  cableway  600  feet  from  tower  to  tower  should  be  used  in  conveying  rock  for 
completing  and  dressing  down  the  embankment  after  the  first  shot,  and  for  the  rip- 
rapping  of  the  earth  slope,  as  well  as  in  excavating  the  waste  way  channel.  The 
fuel  to  be  used  for  making  steam  can  be  cheaply  furnished  from  the  sagebrush  to  be 
gathered  near  by  in  the  reservoir  basin.  Sand  for  concrete  work  is  abundant  in  the 
creek  channel  on  the  spot. 

Estimated  cost  of  dam. 

70,000  ciabic  yards  of  rock,  75  per  cent  of  which  18  thrown  into  place  by  powder— 52,500  yards,  at 

10  cents $5,  250 

17,500  cubic  yards  handled  with  cableway,  at  $1 17,  500 

35,000  cubic  yards  of  earth,  puddled,  at  30  cents 10,  500 

5,100  square  yards  riprap  revetment,  at  $1 5, 100 

550  feet  outlet  tunnel,  6  by  7  feet,  at  $1 2 6,  600 

Shaft,  70  feet  deep,  at  $15 1,  050 

Lining  shaft  and  cross  wall  in  tunnel,  etc.,  50  cubic  yards  of  concrete,  at  $12 600 

Foot  wall  of  concrete  at  foot  of  rock  embankment,  inside  150  cubic  yards,  at  $8 1,  200 

Excavation  for  same  and  pumping 500 

500  feet  No.  G,  30-inch  pipe,  at  $6  laid 3,  000 

Gates,  valves,  and  hoist 1, 000 

Eoad  to  dam  site 2, 000 

Telephone  line 1,  000 

Engineering  and  superintendence 7,000 

Total 62, 300 

Canals. — The  Battle  Mountain  Canal  will  have  a  capacity  of  about  300  cubic  feet 
per  second  and  will  extend  about  24  miles  in  length,  with  20  lateral  canals,  having 
a  total  length  of  about  114  miles  and  a  capacity  of  about  25  to  50  cubic  feet  per 
second  each,  with  outlet  gates  to  each  160  acres  of  land  in  the  entire  tract. 

The  Golconda  Canal  will  have  a  capacity  of  250  cubic  feet  per  second  and  a  length 
of  about  45^  miles,  with  lateral  canals  having)  a  total  length  of  50  miles,  and 
capacity  of  20  to  60  feet  per  second,  and  with  outlet  gates  to  each  160  acres  of  land 
to  be  supplied,  as  in  the  case  of  the  Battle  Mountain  system. 

The  ordinary  flow  of  the  river  will  be  the  main  reliance  for  water  supply,  supple- 
mented, however,  by  the  enormous  storage  reservoir  above  described,  to  be  con- 
structed on  Rock  Creek.  This  reservoir  forms  the  keystone  of  the  entire  project, 
for  without  it  the  water  supply  of  the  river  would  fall  short  almost  every  year  before 
the  close  of  the  irrigating  season. 
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As  tbe  irrigating  season  begins  about  the  middle  of  April  and  closes  from  Septem- 
ber 1  to  15,  it  will  be  seen  that  even  during  the  very  dry  season  of  1895  (there  have 
been  but  two  others  like  it  for  thirty  years)  two  canals  of  350  cubic  feet  per  second 
capacity,  such  as  are  projected,  would  have  been  supplied  by  the  stream  (even  dimin- 
ished by  the  storage  of  Rock  Creek  waters)  up  to  about  June  10.  Thereafter,  if  the 
draft  on  the  reservoir  had  been  as  great  as  400  cubic  feet  per  second  (an  excessive 
amount  for  the  latter  part  of  the  season)  until  September  10  (ninety  days),  it  would 
have  drawn  3,110,400,000  cubic  feet,  or  71,400  acre-feet,  of  water  from  the  reservoir. 


Winnemu< 


Fig.  170. — Map  of  i^roposed  reservoir,  cauals,  and  irrigable  laud  in  Humboldt  Valley,  between  Battle 

Mountain  and  Winnemucca,  Nevada. 


Estimated  cost  of  Battle  Mountain  Canal. 
Main  canal : 

Regulating  weir  head  gates  and  diversion  dam  and  vreir $5,  000 

9^  miles  main  canal  (capacity  300  second-feet),  at  $1,267 12,  037 

5  miles  main  canal  (capacity  230  second-feet),  at  $1,108 5,  540 

4  miles  main  canal  (capacity  175  second-feet),  at  $950 3,  800 

2|  miles  main  canal  (capacity  125  second-feet),  at  $633 ],  583 

3  miles  main  canal  (capacity  100  second-feet),  at  $500 1,  500 

8  combined  check  and  lateral  head  gates,  at  $200 1,  600 

11  combined  check  and  lateral  head  gates,  at  $175 1,  925 

Laterals : 

200  lateral  outlet  gates,  at  $25 5,  000 

40  drops  of  5  to  6  feet  each,  at  $50 2,000 

Flumes  on  laterals  across  sloughs,  about  5,000  lineal  feet,  at  80  cents 4,  000 

43  miles  lateral  canals,  requiring  1,760  cubic  yards  per  mile,  say  2,000  yards  at  5  cents  per 

yard,  or  $100  per  mile 4,  300 

71  miles  laterals,  5,000  cubic  yards  per  mile,  at  5  cents  per  cubic  yard,  or  $250  per  mile 17,  750 

Improvement  of  Rock  Creek  channel 5,  000 

Engineering,  superintendence,  and  contingencies,  15  per  cent 10,  655 

Total 81,  690 

Estimated  cost  of  Golconda  Canal. 
Main  canal: 

Diversion  dam  and  head  gates $6.  000 

3^  miles  main  canal,  heavy  work  (capacity  250  second-feet)  11,  408 

20^  miles  main  canal  (capacity  250  second-feet),  at  $1, 100 22,  550 

2\  miles  main  canal  (capacity  150  second-feet),  at  $700 2,  450 

8|  miles  main  canal  (capacity  100  second-feet),  at  $500 4,  250 

10  miles  main  canal  (capacity  60  second-feet),  at  $250 2,500 

5  culverts  under  Central  Pacific  railroad  track,  at  $200 1,  000 

1  flume  and  waste  gate 250 

21  combined  check  and  lateral  head  gates,  at  $175 3,  675 

12  combined  check  and  lateral  head  gates,  at  $150 1,  800 

55,  943 
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Latt'ials: 

24^  miles  laterals,  at  $250 $fi,  125 

2^  miles  laterals,  at  $IoO 2,  550 

1 50  lateral  outlet  gates,  at  $25 3,  750 

20  drops  of  5  to  6  feet,  at  $50 1,  000 

13,425 

Engineering,  superintendence,  and  (iontingeiicies 10,  405 

Total 79,773 

Ksiiiiiaitd  total  cost. 

Total  dam  and  reservoir , $62,  300 

Total  r.attle  Mountain  Canal 81,  G'JO 

Total  Golconda  Canal 79.  773 

Total  cost  of  works  for  irrigating  100,000  acres,  delivering  water  to  each  quarter  section 
of  land 223,763 

To  supply  the  first  15,000  or  16,000  acres  at  Battle  Mountain,  and  10,000  acres  at 
Golconda,  which  would  probably  be  the  only  outlay  for  the  first  two  or  three  years, 
the  cost  would  be  about  as  follows: 

Reservoir,  dam,  and  accessories - $62,  300 

Improvements  Rock  Creek  channel 5.  000 

9^  miles  main  canal  with  head  works,  etc.,  at  Battle  Mountain 17,  037 

31  miles  laterals  with  gates,  etc 8,  300 

23^  miles  main  canal  with  head  works,  etc.,  at  Golconda 39,  4G8 

7  laterals  with  gates,  culverts,  etc 4,  675 

Total  expenditure  required  on  works  for  first  two  years 136,  780 

The  canals  and  distributing  systems  are  simple,  easy,  and  cheap  in  the  extreme. 
On  the  Battle  Mountain  system  not  a  single  Hume  or  culvert  of  any  sort  will  be 
needed  on  the  main  canal,  while  the  nuiterial  to  be  excavated  throughout  its  course 
is  a  fine,  loamy  soil  of  the  very  best  and  easiest  grade  for  economical  work.  It  can  all 
be  contracteil  for  at  5  cents  per  cubic  yard,  and  the  laterals  at  4  cents  or  less.  With 
the  exception  of  about  3^  miles  of  its  course,  which  is  along  the  side  of  a  bench  or 
mesa  in  gravelly  soil,  and  the  fact  that  it  will  cross  the  Central  Pacific  railroad 
three  times,  the  main  canal  of  the  Golconda  system  is  alike  simple  and  easy,  while 
the  laterals  are  all  through  easy  ground  of  the  very  cheapest  character  to  work. 

Head  (jaics  and  diverting  dams. — The  site  selected  for  the  dam  and  canal  head  gate 
near  Battle  Mountain  is  at  the  point  of  diversion  of  the  old  Mclntyre  and  Blossom 
ditch,  one  of  the  oldest  water  rights  on  the  Humboldt  River,  which  it  is  proposed 
to  incorporate  into  this  scheme,  and  which  will  furnish  it  with  the  basis  for  the 
indisj)utable  right  to  appropriate  all  the  low- water  flow  of  the  river  passing  this 
point.  Here  the  river  is  about  100  feet  wide  and  hugs  closely  to  the  rocky  hills  on 
the  north  side  of  the  valley,  where  it  is  not  likely  to  change  its  course.  A  loose 
rock  dam  has  been  formed  here  by  annual  additions  of  rock  of  all  sizes,  easily 
handled,  for  the  past  25  or  30  years,  until  a  broad  ba3e  has  been  made  that  is  not 
liable  to  further  settlement,  and  on  which  a  timber  weir  can  be  safely  erected  and 
so  devised  that  all  the  low-water  flow  can  be  secured,  while  extreme  flood  waters 
can  be  permitted  to  pass  down  the  stream. 

The  site  of  the  head  works  of  the  Golconda  Canal  is  in  the  mouth  of  what  is  known 
as  Emigrant  Canyon,  at  the  point  of  diversion  of  the  old  Humboldt  Canal  or  French 
ditch.  At  this  point  the  river  channel,  with  the  low  or  bottom  ground  bordering  it 
and  subject  to  overflow,  has  a  width  of  about  500  feet,  and  a  weir  of  the  same  type 
as  that  recommended  for  the  head  of  the  Battle  Mountain  Canal,  flanked  by  low 
earth  embankments  across  the  low  ground  bordering  the  channel,  will  control  the 
stream  and  regulate  the  flow  into  the  canal  very  eflicientlj'. 
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LOWER   HUMBOLDT    STORAGE    SYSTEM. 

An  examination  of  a  water- storage  i^roject  in  the  valley  near  Hum- 
boldt station,  Nevada,  was  made  by  Mr.  L.  H.  Taylor  for  the  Humboldt 
Land  and  Irrigation  Company,  of  Lovelock,  Nevada.  The  enterprise 
contemplated  the  utilization  of  four  natural  basins  or  depressions  im- 
mediately north  of  Humboldt  station  on  the  Central  Pacific  Railroad 
and  on  the  left  bank  of  Humboldt  Eiver,  33  miles  above  Lovelock,  for 
the  storage  of  about  55,000  acre-feet  of  flood  waters  of  Humboldt  Eiver. 
The  amount  of  water  has  been  ascertained  by  records  kept  at  Oreana, 
about  20  miles  below  the  reservoir  site,  these  being  given  from  January 
27,  1896,  as  shown  by  the  i)receding  tables  and  diagrams.  The  irriga- 
tion season  in  the  Lower  Humboldt  Valley  begins  about  the  1st  of 
April  and  lasts  until  about  the  middle  of  August,  the  greatest  quan- 
tity of  water  being  used  during  the  months  of  April,  May,  and  June, 
when  all  crops,  including  grain,  are  being  irrigated. 

The  amount  of  water  diverted  from  the  river  by  the  six  ditch  sys- 
tems now  in  operation  below  Oreana  at  any  time  during  these  three 
months  will  probably  not  exceed  320  second-feet.  It  is  probable  that 
by  having  one  consolidated  system  of  ditches  this  volume  could  be 
reduced  by  about  one-half,  since  after  examination  10,000  acres  of  land 
are  reported  to  be  under  cultivation.  It  is  apparent  from  the  figures 
of  river  discharge  that  the  flow  during  the  non-irrigating  season, 
added  to  the  suri^lus  water  of  a  part  of  the  irrigating  season,  is  ami)le, 
even  in  dry  years  like  1898,  to  fill  the  reservoirs  without  interfering 
with  vested  rights.  The  regular  flow  of  the  Humboldt  frequently  falls 
below  the  requirements  even  of  present  irrigation  in  the  vicinity  of 
Lovelock  during  the  irrigating  season,  and  it  has  become  imperative 
that  some  means  should  be  devised  to  increase  the  water  supi:)ly. 
Storage  of  the  surplus  or  flood  waters  which  now  run  to  waste  is  the 
only  apparent  means  of  accomplishing  this  result.  The  following 
details  have  been  taken  from  a  report  by  Mr.  Taylor : 

Reservoirs. — Immediately  north  of  Humboldt  station  on  the  Central  Pacific  Railroad 
are  two  large  and  two  smallernatural  basins  which  can  be  utilized  as  sites  for  storage 
reservoirs,  as  shown  in  the  accompanying  maps,  figs.  171  aud  172.  Reservoirs  No. 
1  and  2,  and  A  and  B.  The  small  basins  (A  and  B)  are  completely  inclosed,  each 
having  an  approximate  area  of  100  acres,  and  a  maximum  depth  below  the  lowest 
part  of  the  rim  in  A  of  10  feet  and  in  B  of  21  feet.  Reservoir  No.  1  is  a  similar 
basin,  but  instead  of  being  entirely  inclosed  by  high  ground  or  ridges  rising  more 
or  less  abruptly  from  its  bed,  is  partly  open  on  the  southwest  side  at  the  places  marked 
embankments  No.  1  and  No.  3,  as  shown  on  the  map,  fig.  172.  The  ground  at  these 
points  rises  gradually  from  the  bed  of  the  basin  to  a  height  of  from  2  to  5  feet.  At 
other  points  where  embankments  are  indicated  on  the  map  the  natural  rim  is  com- 
paratively low,  and  must  be  raised  in  order  to  hold  a  depth  of  16  feet  of  water  above 
the  92-foot  contour,  as  is  contemplated. 

The  following  table  shows  the  approximate  area  and  capacity  of  this  reservoir 
when  filled  with  water  to  various  levels  above  the  92  foot  contour,  at  which  elevation 
it  is  proposed  to  place  the  outlet  gates.  The  greatest  depth  below  the  92-foot  con- 
tour will  not  exceed  8  inches : 
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Fig.  171.— Map  of  Lower  Humboldt  Valley  above  Humboldt  Lake. 
App7'oximaie  area  and  capacity  of  reservoir  Xo.  1. 


Contour. 

Area. 

1 
Capacity. 

Feet. 

Acres. 

Acre-feet. 

92 

660 

160 

93 

1,270 

965 

97 

1,630 

6,765 

a  97 
99 

1,710 
1,930 

10,405 

103 

2,190 

18, 645 

108 

2,330 

29, 945 

a  Eighty  acres  embraced  in  97-foot  contour  in  sections  4  and  5;  see  map. 
20  GEOL,  PT  4 29 
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Reservoir  No.  2  is  a  basin  lying  a  little  lower  than  No.  1,  but  differing  from  it  in 
that  it  has  a  direct  outlet  which  completely  drains  it  to  the  Humboldt  River. 
Across  this  outlet  it  is  proposed  to  construct  a  dam  (shown  in  fig.  172  as  dam  No.  1) 
of  sufficient  height  to  create  a  lake  having  a  maximum  depth  immediately  at  the 
dam  of  28  feet.  About  a  quarter  of  a  mile  to  the  southeastward  from  dam  No.  1  is 
a  gap  in  the  ridge  which  forms  part  of  the  southwest  rim  of  the  basin,  which  will 
be  closed  by  dam  No.  2.  The  area  of  reservoir  No.  2,  embraced  within  the  100-foot 
contour,  will  be  approximately  2,450  acres,  and  the  capacity  about  25,000  acre-feet. 

Basin  A  will  have  a  capacity  of  about  600  acre-feet,  being  filled  by  the  canal 
to  a  depth  of  from  6  to  7  feet.  Its  main  value  will  be  as  a  settling  basin  in  which  a 
great  part  of  the  silt  which  the  waters  of  the  Humboldt  River  carry  in  considerable 
quantity  at  some  seasons  will  be  precipitated,  as  the  supply  canal  for  all  the  reser- 
voirs passes  through  this  basin. 

Basin  B  can  be  filled  by  a  small  ditch  leading  from  the  north  side  of  Basin  A, 
a  distance  of  about  1  mile.  Thirteen  feet  of  water  can  be  placed  in  this  basin,  giv- 
ing it  a  capacity  of  approximately  800  acre-feet.  This  water  would  be  drawn  off 
from  the  northwest  side  into  reservoir  No.  1.  As  the  expense  of  the  ditch  and  outlet 
would  be  very  great  in  comparison  with  the  quantity  of  water  stored  it  has  been 
omitted  from  the  estimates,  not  being  deemed  worth  the  cost  at  present. 

The  beds  and  sides  of  all  these  basins  are  composed  of  a  fine  earth  or  silt  deposited 
by  wind  and  water,  and  with  a  texture  such  as  to  be  practically  water-tight.  In 
fact,  water  accumulating  in  the  inclosed  basins  from  rains  and  melting  snows  to  a 
depth  of  a  few  inches  remains  ibhei  e  until  evaporated. 

Two  sets  of  estimates  have  been  prepared  for  the  embankments  for  reservoir  No.  1. 
The  first  estimate  contemplates  filling  the  reservoir  to  the  103-foot  contour  only, 
giving  a  capacity  of  approximately  19,000  acre-feet,  the  idea  being  that  this  quantity 
of  water  may  be  impounded  at  the  outset,  and  the  storage  capacity  increased  in  the 
future,  as  the  cultivated  area  is  extended  and  the  demand  for  water  increases. 

The  second  estimate  is  for  the  completion  of  the  reservoir  to  be  filled  to  the  108- 
foot  contour  and  a  cajiacity  of  about  30,000  acre-feet,  this,  it  is  believed,  being  about 
the  limit  of  economical  storage  in  the  basin. 

The  embankments  estimated  for  in  each  case  will  have  an  inner  or  water  slope  of 
5  horizontal  to  1  vertical,  and  an  outside  slope  of  2  to  1.  The  top  width  will  be  20 
feet,  and  the  height  above  high-water  flow  line  7  feet.  The  reason  for  such  flat 
inner  slopes  is  that  the  cost  of  riprappiug  so  extensive  a  surface  would  greatly 
exceed  that  of  the  additional  material  for  the  flatter  slopes,  and  it  would  be  unsafe 
to  leave  a  steeper  embankment  exposed  to  the  wave  action. 

First  estimate  f 07'  reservoir  No.  1,  filled  to  103-foot  contour. 

Embankment  No.  1,  length  3,900  feet,  maximum  height  16.5  feet,  163,000  cubic  yards,  at  average 

of  12|  cents $20,375 

Embankment  No.  2,  length  1,320  feet,  7,000  cubic  yards,  at  average  of  8  cents 560 

Embankment  No.  3,  length  720  feet,  20,000  cubic  yards,  at  average  of  12^  cents 2,  500 

Embankment  No.  6,  length  2,000  feet,  5,000  cubic  yards,  at  average  of  8  cents 400 

Embankment  No.  8,  length  1,000  feet,  5,000  cubic  yards,  at  average  of  8  cents 400 

Total  cost  of  embankments 24,235 

Outlet  works,  earth  cut,  and  timber  gates 2,465 

Grand  total 26,700 

Second  estimate  for  reservoir  No.  1,  filled  to  108-foot  contour. 

Embankment  No.  1,  length  4,000  feet,  maximum  height  23.5  feet,  250,000  cubic  yards,  at  average 

of  15  cents $37,500 

Embankment  No.  2,  length  1,600  feet,  24,000  cubic  yards,  at  average  of  10  cents 2,  400 

Embankment  No.  3,  length  750  feet,  40,000  cubic  yards,  at  average  of  15  cents 6, 000 

Embankment  No.  4,  length  1,300  feet,  15,000  cubic  yards,  at  average  of  10  cents 1,  500 

Embankment  No.  5,  length  350  feet,  3,000  cubic  yards,  at  average  of  8  cents 240 

Embankment  No.  6,  length  2,600  feet,  40,000  cubic  yards,  at  average  of  10  cents 4, 000 
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Embaukment  No.  7,  length  400  feet,  4,000  cubic  yards,  at  average  of  8  cents 320 

Embankment  No.  8,  length  2,000  feet,  30,000  cubic  yards,  at  average  of  10  cents 3,000 

Total  cost  of  embankments 54,  960 

Outlet  works  and  earth  excavation,  20,000  cubic  yards $1,  900 

Gates  of  Oregon  pine,  redwood,  and  oak,  complete 2,  000      3,  900 

Grand  total 58,  860 

In  the  second  estimate  for  the  outlet  Tvorks  provision  is  made  for  five  gates  of 
4*  feet  clear  width  each,  the  shutters  to  he  of  oak  with  hronze  hearings,  and  of 
ample  strength  to  sustain  more  than  the  16  feet  of  water  which  will  he  against  them. 
They  will  be  operated  by  means  of  screw  stems  working  in  capstan-head  female 
screws.  These  gates  will  he  located  at  the  point  marked  ^'0"  on  the  map,  and  the 
water  from  reservoir  No.  1  will  flow  through  reservoir  No.  2  into  Humboldt  River. 

To  form  reservoir  No.  2,  two  dams  or  embankments  of  earth  will  be  required.  These 
will  have  the  same  slopes,  height  above  water  line,  and  width  of  crest  as  the 
embankments  for  reservoir  No.  1. 

Estimates  of  cost  of  reservoir  No.  2. 

Dam  No.  I,  maximum  height  35  feet,  196,000  cubic  yards,  at  average  of  19  cents $37,  240 

Dam  No.  2,  maximum  height  12  feet,  32,000  cubic  yards,  at  average  of  12^  cents 4,000 

Total  cost  of  dams 41,  240 

Outlet  works : 

660  feet  42-inch  pipe,  at  $3 $1, 980 

440  cubic  yards  concrete  at  $8 3,  200 

Two  42-inch  low-pressure  gates 500 

Excavation  and  placing  gates 320 

6, 000 

Total 47,  240 

The  outlet  works  here  estimated  for  will  consist  of  two  42-inch  riveted  steel  pipes 
incased  in  a  solid  mass  of  Portland  cement  concrete  for  their  entire  length.     They 


Humboldt  House 


Fig.  172. — Map  of  proposed  reservoir  and  supply  canal  in  Humboldt  County,  Nevada. 


will  be  placed  at  the  77-foot  contour  in  a  trench  excavated  in  the  solid  earth  under 
the  dam.  So  long  as  there  is  more  than  7  feet  of  water  above  these  pipes  they  will 
discharge  all  the  water  that  will  be  required,  and  when  the  head  becomes  less  the 
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volume  of  water  in  tlie  reservoir  is  very  small.  Timber  gates  could  be  used  here 
instead  of  those  above  estimated  for  at  a  cost  of  about  $4,500,  but  it  would  not  be 
wise  nor  economical,  as  in  this  dry  climate  the  timbers,  being  alternately  wet  and 
dry,  would  require  to  be  renewed  every  few  years,  and  the  additional  cost  is  but 
small  for  permanent  construction. 

Supply  canal. — The  canal  to  conduct  the  water  from  the  Humboldt  River  will  head 
in  the  left  bank  of  the  river  in  township  33  north,  range  35  east.  Mount  Diablo 
meridian,  about  2  miles  northwesterly  from  Mill  City  station,  on  the  Central  Pacific 
Railroad.  At  this  point  the  river  bottom  is  about  400  yards  wide  and  the  stream 
flows  near  the  east  side  of  it  in  a  channel  some  8  feet  deep  and  120  feet  wide.  Its 
bed  here  is  a  tough,  laminated  clay — approaching  a  soft  shale — sometimes  called, 
locally,  "pipeclay."  From  this  point  the  canal  line  takes  a  general  southeasterly 
course,  nearly  all  the  way  in  light  cutting  and  mostly  through  level  ground,  for  about 
10,000  feet  to  a  high  bluii"  opposite  Mill  City.  Here  it  will  be  necessary  to  change 
the  channel  of  the  river,  which  washes  the  face  of  the  bluff,  by  throwing  earthern 
enbankments  across  both  above  and  below,  and  making  a  slight  cut  across  the  nar- 
row neck  of  land  a  few  hundred  feet  to  the  north,  in  order  to  start  the  flow  of  water 
that  way,  when  it  will  cut  itself  a  new  channel.  This  done,  the  canal  will  be 
excavated  in  the  side  of  the  bluff  for  a  distance  of  about  600  feet. 

This  will  be  more  lasting,  safer,  and  less  expensive  than  fluming,  notwithstanding 
the  bluft'  has  a  height  of  from  30  to  ,50  feet  above  water  surface  in  the  canal. 

After  passing  this  bluff'  the  canal  will  be  formed  for  some  distance  by  an  embank- 
ment on  the  right  side  at  the  base  of  a  slope  varying  from  1  on  1  to  1^  on  1.  It  then 
enters  and  runs  through  comparatively  level  ground,  with  the  exception  of  about 
600  feet  of  side  hill,  to  about  the  east  line  of  section  35  in  township  33  north,  range 
34  east,  where  it  enters  the  hillside  to  the  south  of  the  river  bottom.  From  here  it 
runs  in  a  general  westerly  course,  following  the  edge  of  the  river  bottom,  nearly  all 
the  way  on  side  hill,  with  slopes  varying  from  2  on  1  to  8  on  1,  for  about  4  miles  to 
near  the  center  of  section  32,  where  it  turns  to  the  southwestward,  leaving  the  river 
bottom  and  entering  the  mesa,  which  for  some  3  miles  is  quite  uneven  and  partly 
covered  with  low  sand  hills  and  ridges.  Through  this  portion  and  in  the  last  mile 
before  reaching  Basin  A,  which  is  very  level  ground,  there  will  be  but  little  extra 
cutting.  From  Basin  A  to  reservoir  No.  1  w^ill  require  a  cut  900  feet  long,  with  a 
maximum  depth  of  12  feet. 

Throughout  its  entire  length  the  canal  is  in  earth  of  the  very  cheapest  character 
to  handle.  No  fluming  will  be  required  and,  aside  from  the  head  works,  the  only 
structures  will  be  two  bridges  at  road  crossings — one  opposite  Mill  City  and  the 
other  near  Basin  A;  three  waste  gates  for  turning  the  water  from  the  canal  back  to 
the  river  in  sections  25  and  32,  township  33  north,  range  34  east,  and  in  section  3, 
township  32  north,  range  34  east,  the  gates  to  control  the  flow  from  Basin  A  to  res- 
ervoir No.  1 ;  and  three  5-foot  timber  falls  from  these  gates  to  the  bed  of  reservoir 
No.  1,  to  prevf^nt  washing. 

The  total  length  of  the  canal  will  be  12.7  miles.  It  will  have  a  uniform  grade  of  1 
in  10,000,  and  its  dimensions  will  be,  bed  width,  25  feet;  depth  of  water,  7  feet;  width 
at  flow  line,  39  feet,  the  side  slopes  being  1  on  1.  The  carrying  capacity  will  be 
about  450  cubic  feet  per  second,  or  sufficient  w^ater  to  fill  the  reservoirs  in  about  62 
days.  The  mean  velocity  in  the  canal  will  be  2  feet  per  second,  and  that  at  the  bed 
about  1.4  feet,  which  is  about  as  high  a  velocity  as  the  light  material  through  which 
the  canal  runs  will  stand  without  erosion. 

The  diversion  dam  in  the  river  will  be  an  open-frame  structure,  consisting  of  a  series 
of  rafters  or  trusses  4  feet  6  inches  apart,  center  to  center,  extending  across  the 
stream,  which  is  here  120  feet  wide,  and  resting  on  a  double  floor  or  box,  the  upper 
surface  of  which  is  level  with  the  stream  bed,  and  the  bottom  2  feet  below.  This  box 
will  be  filled  with  gravel  and  will  extend  about  40  feet  up  and  down  stream.  It  will 
be  supported  by  4  rows  of  8  by  8-inch  anchor  piles  driven  12  feet  into  the  stream  bed, 
and  2  rowsof  3  by  12-inch  sheet  piling  driven  8  feet  below  the  lower  floor,  and  extend- 
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ing-  across  the  stream  at  right  angles  to  its  course.  A  footbridge  of  2-iDcli  planking 
will  extend  across  tbe  river  on  top  of  the  trusses  before  mentioned,  at  a  height  of  9 
feet  above  stream  bed,  and  1.5  feet  above  high  water. 

The  openings  between  the  trusses  will  be  closed  b3^  means  of  flashboards  2  inches 
thick — which  will  be  laid  on  the  inclined  front  of  the  trusses  to  such  height  as  may 
be  required  to  raise  the  water  to  sufficiently  fill  the  canal,  which  height  will 
not  exceed  7.5  feet.  During  high  water  in  the  river  all  these  boards  will  be  removed, 
thus  allowing  the  water  to  flow  through  unobstructed.  They  may  be  removed  or 
inserted  at  any  time  from  the  footbridge.  Sheet  piling  will  extend  for  some  dis- 
tance into  the  banks  on  either  side  of  the  river,  to  prevent  the  possibility  of 
water  finding  its  way  through  the  earth  around  the  end  of  the  dam.  The  river 
banks  will  be  protected  by  timber  wings  extending  a  few  feet  above  and  below  the 
floor  of  the  dam,  and  a  few  feet  below  the  bed  of  the  stream. 

The  regulatirifj  gates,  to  control  the  flow  of  water  into  the  canal,  will  be  immediately 
adjacent  to  the  dam.  They  will  consist  of  5  vertical  timber  gates,  each  4  feet  clear 
width,  operated  by  screws  and  hand  wheels. 

As  in  the  case  of  reservoir  No.  1,  and  for  the  same  reasons,  two  sets  of  estimates 
have  been  prepared  for  the  supply  canal  and  diversion  dam.  Estimate  Xo.  1  is  for 
a  canal  having  a  bed  width  of  14  feet,  depth  of  water  6  feet,  and  width  at  flow  line 
26  feet.  Its  carrying  capacity  will  be  200  cubic  feet  of  water  per  second,  or  suffi- 
cient to  fill  reservoir  No.  1  to  the  103-foot  contour  in  fifty  days.  Estimate  No.  2  is 
for  the  canal  with  a  capacity  of  450  second-feet,  as  above  described. 

First  estimate  of  supply  canal  and  diversion  dam. 

Supply  canal  (12.7  miles) $24,  7G0 

Two  bridges  and  three  waste  gates  (common  lumber) 850 

Gate  and  falls  at  reservoir  No.  1  (common  lumber) 400 

Diversion  dam  and  regulating  gates  (common  lumber) 2,  240 

Total 28,250 

Second  estimate  of  snpply  canal  and  diversion  dam. 

Supply  canal  (12.7  miles) $37,  000 

Two  bridges  and  three  waste  gates  (redwood  and  Oregon  pine) 1,  500 

Gate  and  falls  at  reservoir  No.  1  (redwood  and  Oregon  pine) 800 

Diversion  dam  and  regulating  gates  (redwood  and  Oregon  pine) 2, 900 

Total 42,  200 

SUMMARY  OF  ESTIMATES.' 
Estimate  No.  1 : 

Supply  canal  and  accessories $28",  250 

Reservoir  No.  1  and  Basin  A  with  outlet 26,  700 

Total 54,  950 

Estimate  No.  2 : 

Supply  canal  and  accessories 42,  200 

Reservoir  No.  1  with  outlet  complete 58,  SCO 

Reservoir  No.  2  with  outlet  complete 47,  240 

Total 148,300 

It  is  believed  that  the  foregoing  estimates  will  be  found  amply  liberal  when  the 
easy  iind  simple  character  of  the  work  is  considered.  In  fact,  a  considerable  amount 
of  earthwork  of  a  similar  character  has  been  done  in  this  vicinity  at  prices  ranging 
from  15  to  30  per  cent  cheaper  than  is  here  estimated  for. 

Lands  to  he  irrigated. — In  the  vicinity  of  Lovelock,  on  the  lower-lying  lands,  the 
soil  is  of  such  a  character  and  its  capacity  for  retaining  moisture  such  that  with  only 
moderate  economy  and  system  in  the  use  of  water  a  duty  of  150  acres  to  the  cubic 

'  Engineering,  superintendence,  and  contingencies  are  included  in  the  above  estimates. 
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foot  per  second,  or  one-third  of  1  miner's  incli  per  acre,  may  he  easily  attained. 
However,  under  the  existing  methods  the  duty  is  much  less.  On  the  higher  or  mesa 
lands,  under  the  same  conditions  of  use,  the  duty  would  not  he  so  great.  If  the 
regular  flow  of  the  river  he  the  main  reliance  for  an  irrigation  water  supply,  and 
the  water  impounded  in  these  storage  reservoirs  he  used  to  supplement  this  at  times 
of  scarcity,  ^t  is  safe  to  count  upon  heing  able  to  properly  irrigate  60,000  acres  of 
land,  but  it  would  be  hazardous  to  undertake  more. 

WhlH  It  would  he  possible  to  conduct  water  from  these  reservoirs  to  and  upon  a 
considerable  area  of  the  mesa  or  bench  lands  bordering  Humboldt  River,  yet  it 
woulu  probably  be  better  to  supply  water  to  the  low-lying  or  valley  lands  in  the 
Lovelock  Valley.  The  cost  of  conveying  water  to  the  mesa  lands  would  be  vastly 
greater — in  fact,  so  great  that  in  the  absence  of  exact  data  it  is  doubtful  if  present 
land  values  would  warrant  it.  From  the  reservoirs  the  water  would  flow  in  a  nat- 
ural water  course  to  the  Humboldt  River,  and  thence  down  the  river  to  the  upper 
end  of  the  Lovelock  Yallej^,  a  distance,  as  measured  along  the  railroad,  from  the 
outlet  of  reservoir  No.  2,  of  about  20  miles,  where  it  can  be  easily  and  cheaply 
diverted  by  one  general  system  for  the  irrigation  of  the  entire  valley,  or  it  can  be 
supplied  to  and  distributed  by  existing  ditch  systems. 

PRECIPITATION   IN  THE  BASIN   OF  GREAT  SALT  LAKE. 

The  principal  observations  of  rainfall  made  within  the  basin  of  Great 
Salt  Lake  are  at  Paris,  Logan,  Snowville,  Kelton,  rromontory,  Ogdcn, 
Coalville,  Salt  Lake  City,  Heber,  Tooele,  Geneva,  Provo,  ]N"epbi,  and 
Mount  Pleasant.  The  relative  location  of  these  points  is  shown  on  fig. 
173,  in  connection  with  tlie  points  of  river  measurement  wiiich  are 
at  CoUinston,  Logan,  Ogden,  Uinta,  Provo,  and  Geneva. 

The  following  table  gives  the  name  and  location  of  the  stations,  the 
elevations,  and  the  number  of  years  during  which  the  observations 
have  been  made,  or,  rather,  the  number  of  complete  monthly  observa- 
tions used  in  computing  the  normals: 

Location  of  rainfall  slations. 


station. 


Paris 

Logan  

Terrace 

Snowville  . . 

Kelton 

Promontory 
Ogden 


Coalville 

Salt  Lake  City.. 

Heber 

Tooele 

Provo  

Nephi  

Mount  Pleasant. 


County. 


Bear  Lake Idaho. 

Cache Utah.. 

Boxelder do 

do do 

do do 

do do 

Weber do 

Summit do 

Salt  Lake do 

Wasatch i  .  do 

Tooele do 

Utah ' do 


State. 


Juab... 
Sanpete 


do 
.do 


Latitude. 

Longi- 
tude. 

o    / 

o    / 

42  13 

111  13 

41  45 

111  51 

41  32 

113  33 

41  58 

112  47 

41  46 

113  8 

41  37 

112  36 

41  13 

112  00 

40  55 

111  23 

40  46 

111  54  ! 

40  30 

Ill  25 

40  32 

112  18 

40  14 

111  40 

39  28 

111  50 

39  33 

111  29 

Eleva- 
tion. 


Feet. 

5,946 

4,507 

4,548 

4,360 

4,222 

4,905 

4,340 

6,  852 

4,354 

5,  440 

4,  900 

5,050 

6.300 


Length  of 
record. 


3-5 
6-9 

25-27 

7-8 

18-20 

26-28 

27-28 

10-13 

31-34 

3-5 

4-8 

5-8 

5-6 

5-7 


NEWELL.] 


GREAT    SALT    LAKE    BASIN. 


455 


III  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 


Scale  of  miles 

10  70  30 


QAff.  P/easan^ 


!Fia.  173. — Relative  location  of  river  and  rainfall  observations  in  basin  of  Great  Salt  Lake. 


and  including  1897,  together  with  the  total  precipitation  by  months 
for  the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.     In 
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obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  n^ade: 

Rainfall  at  stations  in  drainar/e  hai^in  of  Great  Salt  Lake. 

PARIS. 


Year. 


irormal 

1896 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 
1.22 

May. 

June. 

July. 
0.97 

Aug. 
0.54 

Sept. 

Oct. 

Kov. 

Dec. 

1.14 

0.73 

2.02 

1.47 

0.52 

1.19 

0.76 

1.47 

1.18 

1.71 

0.72 

1.62 

1.91 

2.27 

0.07 

1.27 

0.65 

0.94 

0.05 

2.17 

0.71 

0.36 

(0.73) 

2.15 

0.79 

0.47 

0.65 

0.G2 

0.66 

0.75 

1.43 

(1.47) 

0.76 

0.74 

0.34 

1.49 

0.76 

3.37 

0.82 

0.25 

0.78 

0.20 

0.85 

1.32 

0.81 

Annual, 


13.21 
14.09 
10.84 
11.73 


SNOWVILLE. 


Normal 
1896.... 
1897.... 
1898 


0.37 

0.84 

1.57 

1.05 

1.51 

0.69 

0.63 

0.19 

0.77 

0.88 

0.75 

1.16 

1.29 

0.36 

1.59 

1.07 

2.35 

0.68 

2.30 

0.63 

0.21 

0.93 

1.97 

0.90 

1.00 

0.95 

0.84 

0.90 

0.33 

0.26 

0.27 

0.00 

0.60 

3.30 

0.90 

0.70 

0.80 

0.30 

0.76 

0.76 

(1.51) 

(0.  60) 

0.06 

0.06 

0.14 

0.51 

1.61 

0.60 

TERRACE. 


10.41 
14.28 
10.05 

7.80 


Normal 
1896.... 

1897 

1898 


0.6 
0.15 

0.4 

0.40 

0.65 

0.30 

0.5 
0.95 

0.32 

0.4 
0.63 
0.50 
1.00 

0.6 
2.28 
0.01 
3.27 

0.2 
0.00 
0.00 
2.25 

0.10 

(0. 10) 

0.02 

T. 

0.1 
0.30 
0.00 
T. 

0.3 
0.00 
1.50 
T. 

* 

0.1 
0.00 

0.12 

0.3 
0.32 
0.10 
1.46 

0.7 
0.00 
0.15 
0.65 

(0.  eo) 

4.3 
5.13 


9.97 


KELTON. 


Normal 
1896.... 
1897. . . . 
1898.... 


0.7 
0.50 


0.6 
0.70 


0.6 
0.75 


0.80 
(0. 80) 


0.10     0.00     0.00     1.25     2.35 


0.5 
0.99 


0.4 
0.00 
0.00 
0.00 


0.4 
0.00 
0.00 
0.00 


0.2 
0.15 


0.00 


0.5 
0.00 
0.00 
T. 


0.4 

0.00 

0.10 

0.00 


0.3 
0.90 


0.90 
(0.90) 


0.75     0.20 


6.30 
5.69 


4.05 


PROMONTORY. 


Normal 
1896. . . . 
1897.... 
1898.... 


1.10 

0.9 

0.9 

0.8 

0.8 

0.5 

0.2 

0.4 

0.7 

0.6 

0.5 

1.0 

3.10 
1.30 

0.50 

0.10 
0.70 

1.33 

0.00 
0.00 

0.75 
0.25 

0.00 
0.10 

T. 

0.34 

0.15 
2.36 

1.10 
0.90 

0.32 
0.55 

(1. 10) 

0.60 

0.05 

0.60 

0.02 

1.50 

T. 

T. 

0.00 

0.10 

8.4 


9.43 


OGDEN. 


Noimal 
1896. . . . 
1897.... 
1898.... 


1.7 

1.5 

1.8 

1.62 

0.30 

2.87 

1.80 

2.85 

2.37 

1.47 

0.19 

1.82 

1.5 
1.25 
1.70 
0.37 


1.5 

0.6 

0.2 

0.4 

0.7 

1.3 

1.1 

1.8 

3.57 

0.10 

0.20 

0.28 

0.58 

0.70 

1.93 

0.95 

0.30 

0.98 

T. 

0.00 

0.55 

1.93 

1.51 

2.25 

5.23 

0.81 

0.00 

0.30 

0.30 

1.47 

1.12 

0.60 

14.1 
13.95 
16.24 
13.68 


Normal 
1896.... 

1897 

1898 


COALVILLE,  a 


1.56 

2.17 

L96 

1.37 

1.16 

0.55 

0.38 

0.48 

0.53 

1.12 

1.18 

1.84 

(1.56) 

(2. 17) 

1.01 

3.83 

4.22 

0.00 

0.71 

0.05 

0.13 

0.72 

2.25 

0.90 

1.70 

5.39 

8.00 

L50 

0.08 

0.39 

0.15 

0.15 

0.78 

0.28 

(1.18) 

(1.84) 

14.30 
17.  55 
21.44 


a  1874  to  1883  at  Coalville.     1889  to  1892  at  Park  City. 
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Rainfall  at  stations  in  draina<je  bufiin  of  Great  Salt  Lalce — Continued. 

SALT  LAKE  CITY. 


Normal 
1896...- 

1897.... 
1898.-.. 


1.57 

1.68 

2.11 

2.02 

1.99 

1.08 

0.91 

1.27 

1.00 

1.61 

1.46 

1.99 

1.26 

0.69 

1.99 

2.53 

3.67 

0.25 

1.35 

L47 

0.52 

0.70 

3.15 

0.84 

1.16 

3.81 

2.20 

2.00 

0.98 

0.52 

0.69 

0.33 

0.48 

1.91 

1.19 

1.47 

0.58 

0.38 

L71 

1.30 

4.19 

L45 

0.18 

1.35 

1.15 

L57 

1.95 

1.28 

18.72 
18.42 
16.74 
16.09 


HEBER 


Normal 

1806 , 

1897 

1898 


2.25 

2.31 

2.36 

L27 

1.08 

0.31 

L23 

0.58 

L57 

2.10 

0.95 

2.46 

2.40 

1.85 

0.09 

3.35 

0.55 

1.44 

L30 

4.10 

2.90 

0.90 

0.70 

0.38 

0.56 

0.49 

3.14 

1.40 

0.50 

3.30 

1.25 

(LOS) 

0.83 

0.25 

0.64 

(L57) 

1.  08      0.  80 


1.50 
1.44 


1.00 
L60 


2.43 

0.75 

(2.43) 

LIO 

TOOELE,  a 


Normal ... 

1896 

1897 

1898 


0.48 

L21 

0.49 

0.00 

0.38 

0.29 

0.68 

0.39 

0.24 

1.01 

0.61 

0.69 

1.09 

0.02 

0.88 

0.93 

0.30 

0.92 

2.07 

0.29 

L15 

1.95 

1.68 

0.91 

0.36 

0.16 

0.91 

0.51 

0.18 

2.92 

1.83 

1.93 

0.75 

0.34 

2.38 

1.21 

6.35 

1.58 

0.14 

0.38 

0.13 

2.40 

1.79 

0.80 

PROVO. 


17.27 
17.82 
19.40 
14.96 


7.07 

14.49 
18.25 


Normal 1.21 

1896 1.45 

1897 !  1.38 

1898 •  0.91 


1.28 

1.36 

0.93 

1.35 

0.78 

0.68 

0.48 

0.66 

0.56 

0.62 

1.74 

1.55 

1.58 

1.32 

3.04 

0.00 

2.59 

0.81 

0.91 

0.31 

0.40 

0.33 

3.50 

1.80 

1.58 

1.31 

0.47 

0.54 

0.08 

0.77 

1.86 

0.99 

L27 

0.45 

1.05 

1.24 

4.59 

1.43 

0.19 

0.94 

0.05 

0.92 

1.18 

0.63 

11.65 
15.34 
15.80 
13.58 


NEPHI. 


Normal 
1890.... 
1897 


1.04 

1.49 

L40 

3.09 

L37 

0.63 

0.60 

1.25 

LIO 

1.45 

0.45 

2.47 

L16 

0.60 

1.49 

L23 

1.58 

0.30 

2.26 

0.71 

0.54 

0.50 

1.58 

0.36 

1.95 

1.88 

2.22 

1.05 

0.85 

0.41 

0.28 

0.14 

1.84 

3.29 

L23 

1.65 

MOUNT  PLEASANT. 


Normal 

1896 

1897 


1.32 

2.29 

1.71 

0.46 

1.01 

'o.51 

L21 

0.44 

1.13 

0.94 

0.93 

1.68 

0.31 

0.40 

0.93 

1.36 

1.09 

(0.51) 

2.69 

0.87 

0.75 

0.46 

1.75 

0.20 

1.30 

3.10 

2.82 

0.10 

0.58 

0.39 

0.59 

0.05 

2.66 

2.30 

0.75 

L90 

AVERAGES. 


16.34 
12.37 
16.79 


13.63 
11.32 
16.54 


Normal 

1896 

1897 

1898 


1.14 

L34 

1.45 

1.19 

1.13 

0.54 

0.63 

0.53 

0.80 

0.91 

0.81 

1.51 

1.19 

1.00 

1.53 

1.54 

2.45 

0.16 

L42 

0.57 

0.52 

0.50 

1.51 

0.57 

L29 

2.52 

2.43 

L05 

0.61 

0.39 

0.57 

0.63 

1.58 

L97 

1.18 

1.41 

0.80 

0.29 

1.34 

0.92 

3.55 

1.09 

0.11 

0.45 

0.39 

0.97 

L42 

0.68 

11.98 
12.96 
15.63 
12.01 


a  1877  to  1880  at  Deep  Creek ;  1889  to  1891  at  Stockton;  1896  to  1897  at  Tooele. 
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Bufi-offin  inches,  from  Great  Salt  Lake  drainage  hasin. 

PROVO  AT  PROVO. 


Year. 


1896. 
1897. 
1898. 


Average . 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.58 
0.71 
0.51 

0.50 
0.81 
0.50 

0.71 
0.75 
0.70 

1.09 
1.50 

0.98 

2.10 
3.35 
1.73 

2.72 
1.38 
1.44 

0.69 
0.53 
0.37 

0.56 
0.40 
0.29 

0.54 
0.46 
0.29 

0.61 
0.81 
0.38 

0.73 
0.75 
0.49 

0.70 
0.67 
0.51 

0.60 

0.50 

0.72 

1.19 

2,39 

1.85 

0.53 

0.42 

0.43 

0.60 

0.66 

0.63 

Annual. 


11.53 

12. 12 

8.19 

10.62 


WEBER  AT  UINTA. 


1890. 
1897. 
1898. 


Average. 


0.35 

0.32 

0.68 

1.40 

2.28 

2.33 

0.39 

0.21 

0.19 

0.25 

0.38 

0.30 

0.21 

0.19 

0.33 

1.57 

2.90 

0.84 

0  13 

0.12 

0.14 

0.33 

0.28 

0.24 

0.20 
0.25 

0.21 

0.29 

0.92 

1.15 

0.53 
1.23 

0.21 
0.24 

0.07 

0.12 

0.22 

0.30 
0.32 

0.30 

0.24 

0.43 

1.30 

2.11 

0.13 

0. 15 

0.27 

0.28 

9.08 
7.28 
4.52 


6.95 


OGDEN  AT  OGDEK. 


1897 
1898 


4.02 
0.95 

1.17 
0.31 

0.29 
0.12 

0.18 
0.10 

0.18 
0.10 

0.23 
0.10 

0.21 
0.10 

0.16  ' 

0.21 

0.23 
0.23 

0.29 

0.82 

0.10 

Average. 

0.21 

0.29 

0.82 

2.49 

0.74 

0.21 

0.14 

0.14 

0.17 

0.16 

0.13 

3.43 


5.73 


BEAR  AT  COLLINSTON. 


1896. 

1897. 
1898. 


Average. 


0.25 

0.19 

0.25 

0.54 

0.75 

1.19 

0.43 

0.26 

0.23 

0.25 

0.28 

0.30 

0.28 

0.25 

0.30 

1.08 

1.83 

1.04 

0.35 

0.21 

0.22 

0.33 

0.26 

0.31 

0.33 

0.27 
0.24 

0.38 

0.70 
0.77 

0.89 

0.72 

0.25 

0.14 

0.14 
0.20 

0.22 

0.22 

0.18 

0.29 

0.31 

1.16 

0.98 

0.34 

0.20 

0.27 

0.25 

0.36 

4.92 
6.46 
4.44 

5.  37 


liainfall  and  run-off. 


Station. 

Normal. 

1896. 

1897. 

1898. 

• 

RAINPALL. 

Paris 

13.21 

10.40 

6.30 

4.30 

8.40 

14.10 

14.30 

18.72 

17.27 

7.07 

11.65 

16.34 

13.63 

14.09 

14.  28 

5.69 

5.13 

10.84 
10.05 

11.73 

7.80 
4.65 
9.97 

Siiowville 

Keltou 

Terrace  . . 

.... ..  —  - 

Promontory 

9.43 
16.24 
21.44 
16.74 
19.40 
14.49 

Ocdeti 

13.95 
17.55 
18.42 
17.82 

13.68 

Coalville 

Salt  Lake  City 

Heber 

16.09 
14.96 
18.25 

Tooele 

Provo ... 

13.03 
12.37 
11.32 

Nephi 

16.79 
16.54 

Mount  Pleasant 

Average 

11.98 

13.06 

15.20 

12.14 
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Baitifall  and  run-off — Continued. 


Station. 

Normal. 

1896. 

1897. 

1 

1898. 

KUN-OFF. 

Provo       ... --. - 

10.62 
6.95 
5.73 
5.37 

11.53 
9.08 

12.12 

7.28 

8.19 
4.52 
3.43 
4.44 

Uinta    ,   .   .    - 

Op*flftii                             . ---- 

Collinston 

4.92 

6.46 

Average           .  ...... ....  . 

7.17 

8.51 

8.62 

5.15 

Percentage  of  rainfixll 

59.85 

65.16 

56.71 

42.42 

BEAR  RIVER. 

Estimated  montlily  discharge  of  Bear  River  at  Battle  Creek,  Idaho. 

[Drainage  area,  4,500  square  miles.] 


Month. 


1898. 

January 

February   

March . 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,038 

950 

950 

3,483 

3,125 

3,125 

1,635 

598 

535 

660 

660 

660 


3,483 


Mini- 
mum. 


870 
660 
725 
870 
2,469 
1,  635 
598 
535 
535 
535 
660 
660 


535 


Mean. 


950 

783 
845 
2,  377 
2,788 
2,342 
1,017 
543 


535 


582 
660 
660 


L174 


Total  in  acre- 
feet. 


849,  482 


Run-off. 


Depth  in 
inches. 


58, 414 
43,  486 
51,957  i 
141,441 
171,429 
139,358 
62,533 
33,388  I 
31,835  ' 
,35,786 
39,  273 
40,582 


0.24 
0.18 
0.22 
0.59 
0.71 
0.58 
0.26 
0.14 
0.13 
0.15 
0.17 
0.17 


3.54 


Second- 

ftet  per 

square 

mile. 


0.21 
0.17 
0.19 
0.53 
0.62 
0.52 
0.23 
0.12 
0.  12 
0.13 
0. 15 
0.15 


0.26 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  !No.  28,  page  149; 
measurements,  page  153;  rating  table,  page  154;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  IG,  page  157,  and  in  the  Nineteenth  Annual  Eeport,  Part  IV,  pages  431  to  433. 

Soda  Springs  station  on  Bear  Eiver  was  established  May  26,  1896.  It  is  described  in  "Water-Supply 
and  Irrigation  Paper  No.  28,  page  146.  Gage  heights  for  1898  are  given  on  page  149,  and  rating  table  on 
page  153.    This  station  was  discontinued  July  1, 1898. 
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Sec.-ft. 
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Fig.  174.— Discharge  of  Bear  River  at  Battle  Creek,  Idaho,  1898. 
Estimated  monthhj  discharge  of  Bear  River  at  CoUinston,  Utah. 
[Drainage  area,  G,000  square  miles.] 


discharge  in  second-feet. 


Ilnn-nlf. 


Month. 


Max  i- 
niiiui. 


1898. 

January 2,  078 

February 1,875 

March 2,555 


April 

May 

June 

July . . 

August 

September 
October  . . . 
November . 
December  . 


The  year 


5,  025 
5, 170 
5,315 
2,218 
848 
848 
1,180 
1,383 
1,383 


Mini- 
mmu. 


Mean. 


Total  in  acre- 
feet. 


Depth  in 
inches. 


5,315 


1,382 

1,382 

1,615 

1,942 

4,068 

2,418 

848 

718 

718 

848 

1,003 

848 


718 


1,716 

1,  573 

1,989 

3,802 

4,609 

3,889 

1,322 

734 

771 

1,104 

1,202 

967 


1,973 


105,  513 

87,  360 

122,  300 

226,  234 

283,  398 

231,  411 

81, 287 

45, 132 

45,  878 

67,  883 

71,  524 

59, 459 


0.33 
0.27 
0.38 
0.70 
0.89 
0.72 
0.25 
0.14 
0.14 
0.22 
0.22 
0.18 


Second - 

feet  per 

squnre 

mile. 


1, 427,  379 


0.29 
0.26 
0.33 
0.63 
0.7/' 
0.65 
0.22 
0.12 
0.13 
0.19 
0.20 
0.16 


4. 44 


0.33 


NOTE.-Gage  heights  for  1898  are  given  in  Water- Supply  and  Irrigation  Paper  So.  28,  page  152; 
measurements,  page  153;  rating  tahle,  page  154;  results  for  1897  in  Water-Supply  and  Irrigation 
Paper  Xo.  IG,  page  159,  and  in  the  K"ineteenth  Annual  Report,  Part  IV,  pages  434  to  435. 
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Fig.  175.— Discharge  of  Bear  Eiver  at  Collinston,  Utah,  1889-1898. 


On  PI.  LI,  A,  is  given  a  view  of  the  river  station  at  Collinston,  show- 
ing the  method  of  measurement.  In  the  center  of  the  picture  is  the 
old  inclined  gage  and  near  this  the  overhanging  gage,  built  for  the  pur- 
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pose  of  making  direct  measurements  from  a  horizontal  beam.  On  the 
same  figure  at  B  is  shown  a  view  of  the  dam  of  the  Bear  Eiver  Canal 
above  the  river  station.  This  is  taken  from  the  head  of  the  canal  on 
the  right  hand  bank  of  the  canyon. 

In  PL  LII  is  given  a  view  of  the  canal  below  the  dam,  showing  its 
construction  in  the  nearly  vertical  walls.  The  water  passes  alternately 
through  tunnels  and  out  in  open  cuts  supported  by  substantial  masonry. 

LOGAN   RIVER. 

Logan  Eiver  is  one  of  the  tributaries  of  Bear  River,  rising  in  the 
mountains  west  of  Bear  Lake  and  flowing  in  a  general  southerly  and 
westerly  course  across  the  southern  end  of  Cache  Valley,  then  north- 
erly into  Bear  River  above  the  point  where  it  cuts  through  the 
northerly  prolongation  of  the  Wasatch  Mountains.  Measurements  of 
the  stream  are  made  at  the  mouth  of  the  canyon,  about  3  miles  east 
of  the  city  of  Logan  and  above  the  head  of  all  but  one  of  the  canals 
taking  water  from  it.  This  point  is  convenient  of  access  from  the 
Agricultural  Experiment  Station  located  on  the  highlands  northeast 
of  Logan. 

Estimated  montldij  disokarge  of  Logan  Elver  at  Logan,  Utah. 
[Drainage  area,  218  square  miles.] 


Month. 


1898. 

January , 

February  

March 

Aiiril 

May 

June 

July 

August 

September 

October , 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

167 

142 

152 

155 

134 

147 

167 

125 

140 

582 

134 

323 

778 

419 

587 

740 

500 

663 

472 

■  229 

322 

264 

213 

231 

213 

167 

183 

182 

167 

172 

167 

142 

160 

182 

108 

136 

778 

108 

268 

Run-ofif. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

9,346 

0.81 

0.70 

8,164 

0.70 

0.67 

8,608 

0.74 

0.G4 

19,  220 

1.65 

1.48 

36,  093 

3.10 

2.69 

39, 451 

3.39 

3.04 

19,  799 

1.71 

1.48 

14,  204 

1.22 

1.06 

10,  889 

0.93 

0.84 

10, 576 

0.91 

0.79 

9,521 

0.81 

0.73 

8,362 

0.71 

0.62 

194,  233 

16.68 

1.23 

Note. — Gage  heights  f(»r  1898  are  given  in  Water-Supply  and  Irrigation  Paper  !N"o.  28,  page  150; 
measurements,  page  153,  rating  table,  page  154;  resultsforl897in  Water- Supply  and  Irrigation  Paper 
No.  16,  page  158,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  431  to  434. 
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Fig.  176.— Discharge  of  Logan  River  at  Logan,  Utah,  1898. 


BEAR   LAKE  RESERVOIR. 

Bear  Lake  lies  across  the  State  line  between  Idaho  and  Utah,  the 
southern  end  beini,^  in  Utah  and  the  nortliern  end  in  Idaho.  The  con- 
ditions are  described  on  pages  GO  to  70  of  the  Eleventh  Annual  Report, 
Part  II,  also  on  pages  327  to  329  of  the  Twelfth  Annual  Report,  Part 
II.  The  reservoir  site  is  shown  on  PI.  CLXXXIII,  opposite  page  451 
of  the  Thirteenth  Annual  Report,  Part  III,  where  is  given  also  a 
detailed  description  in  Land  Office  terms  of  the  area  reserved,  this 
being  made  under  the  act  of  October  2,  1888. 

Apparently  no  action  has  been  taken  to  utilize  this  reservoir  site, 
and  the  reservation  of  some  of  the  lands  has  tended  to  work  hardship, 
as  in  a  case  recently  brought  to  the  attention  of  the  General  Land 
Office  and  discussed  in  the  following  letter,  dated  March  9,  1899, 
addressed  by  Hon.  E.  A.  Hitchcock,  Secretary  of  the  Interior,  to  the 
Commissioner  of  the  General  Land  Office: 

The  Department  is  in  receipt  of  your  letter  of  December  23,  1898,  with  accompa- 
nying papers  relative  to  the  petition  of  Carls  Hildt  to  have  lots  1,  2,  3,  and  4,  sec. 
8,  T.  14  N.,  R.  5  E.,  Salt  Lake  meridian,  withdrawn  from  reservation,  and  that  he 
be  allowed  to  make  homestead  entry  of  said  tract. 

These  lots  were  reserved  for  reservoir  purposes  as  the  Bear  Lake  reservoir  site 
No.  1,  Utah-Idaho,  under  the  act  of  October  2,  1888  (25  Stat.,  505,  526),  making  an 
appropriation  for  the  selection  and  survey  of  sites  for  reservoir  purposes,  which 
contained  the  following  provision : 

And  all  the  lauds  which  may  hereafter  be  designated  or  selected  by  such  United 
States  surveys  for  sites  for  reservoirs,  ditches,  or  canals  for  irrigation  purposes,  and 
all  the  lands  made  susceptible  of  irrigation  by  such  reservoirs,  ditches,  or  canals  are 
from  this  time  henceforth  hereby  reserved  from  sale  as  the  property  of  the  United 
States,  and  shall  not  be  subject  after  the  passage  of  this  act  to  entry,  settlement,  or 
occupation  until  further  provided  by  law. 
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The  act  of  August  30,  1890  (26  Stat.,  371,  391),  repealed  so  much  of  said  act  of 
October  2,  1888,  as  provided  for  the  withdrawal  of  the  public  lands  from  entry, 
occupation,  and  settlement,  and  provided  that — 

*  *  *  all  entries  made  or  claims  initiated  in  good  faith  and  valid  but  for  said 
act  shall  be  recognized  and  may  be  perfected  in  the  same  mannt-r  as  if  said  law  had 
not  been  enacted.  Except  that  reservoir  sites  heretofore  located  or  selected  shall 
remain  segregated  and  reserved  from  entry  or  settlement  as  provided  by  said  act, 
until  otherwise  ])rovided  by  law,  and  reservoir  sitt-s  hereafter  located  or  selected  on 
public  lands  shall  in  like  manner  be  reserved  from  the  date  of  the  location  or  selec- 
tion thereof. 

By  the  seventeenth  section  of  the  act  of  March  3,  1891  (26  Stat.,  1095),  it  was  pro- 
vided that  the  reservoir  sites  located  and  selected,  and  to  be  located  and  selected, 
under  said  acts — 

*  *  *  shall  be  restricted  to  and  shall  contain  only  so  much  land  as  is  actually 
necessary  for  the  construction  and  maintenance  of  reservoirs,  excluding  as  far  as 
practicable  lands  occupied  by  actual  settlers  at  the  date  of  the  location  of  said 
reservoirs. 

The  petitioner  shows  by  his  corroborated  affidavit  that  he  settled  upon  this  land 
during  the  month  of  A])ril,  1889,  and  that  his  settlement  and  residence  upon  said 
tract  has  been  continuous  from  that  time  to  the  present. 

While  the  reservoir  site  embracing  the  land  settled  upon  by  Hildt  was  not  desig- 
nated or  selected  for  reservoir  purposes  until  July,  1889,  it  took  effect  from  the  date 
of  the  act  of  October  2,  1888,  under  which  the  selection  was  made,  and  no  relief  is 
afforded  to  Hildt  under  the  act  of  August  30,  1890.  But  there  is  ample  authority, 
under  the  act  of  March  3,  1891,  in  the  Secretary  of  the  Interior,  to  release  trom  res- 
ervation any  portion  of  the  lands  selected  for  reservoir  purposes  under  the  several 
acts  if  it  shall  be  made  to  appear  that  any  lands  so  selected  are  not  actually  neces- 
sary for  the  purposes  for  Avhich  said  reservation  was  made. 

This  petition  was  referred  to  the  Director  of  the  Geological  Survey,  who  by  letter 
of  January  19,  1899,  reported  thereon  as  follows: 

The  tract  of  land  involved  is  so  small,  as  compared  with  the  area  of  land  which 
may  be  flooded  by  the  construction  of  a  reservoir,  that  it  does  not  seem  desirable  to 
withhold  from  Hildt  the  ])iivilege  shared  by  others.  It  does  not  seem  to  me  neces- 
sary to  retain  this  particular  laud,  and  I  beg  to  suggest  that  it  be  released  from  reser- 
vation, retaining,  if  permitted  by  law,  the  fiowage  right  to  the  height  of  approxi- 
mately 10  feet  above  the  present  ordinary  laive  level.  From  general  knowledge  of 
tlic  conditions  it  does  not  seem  desirable  to  incur  the  expense  of  a  special  survey. 

In  view  of  the  recommendation  of  the  Director  of  the  Geological  Survey,  and  it 
appearing  that  the  petitioner  has  settled  upon  and  improved  said  tract  in  ignorance 
of  the  reservation  for  reservoir  2)urposes,  and  has  continued  to  reside  upon  and 
improve  said  laud  since  the  date  of  his  settlement,  it  is  hereby  ordered  that  said  lots 
1,  2,  3,  and  4,  of  sec.  8,  T.  14  N.,  R.  5  E.,  Salt  Lake  meridian,  be  released  from  said 
reservation,  and  that  the  Director  of  the  Geological  Survey  be  notified  of  this  action. 

OGDEN  AND  WEBER  RIVERS. 

Ogden  aud  Weber  rivers  receive  their  water  supply  from  the  elevated 
catchiiient  area  immediately  east  of  the  Wasatch  Mouutaius.  They 
flow  in  a  general  westerly  course,  cutting  through  the  mouutaius  in 
deep,  narrow  canyons,  emerging  from  which  they  unite  and  finally  flow 
into  Salt  Lake.  The  streams  are  measured  in  these  canyons,  the  sta- 
tion on  Ogden  River  being  about  5  miles  nortlieast  of  Ogden,  and  that 
of  Weber  Kiver  being  at  the  Union  Pacitic  Railroad  Bridge,  about  12 
miles  from  Ogden. 
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Estimated  monthly  discharf/e  of  Ogden  River  at  Ogden,  Utah. 
[Drainage  area,  360  square  miles.] 


Mouth. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January 

February... 

March 

April 

May 

June 

July 

August 

September  . 

October  

November . . 
December  . . 


Mini- 
mum. 


Mean. 


The  year 


517 


102 

56 

65 

90 

67 

79 

116 

67 

90 

517 

102 

267 

451 

187 

297 

319 

36 

102 

39 

32 

35 

44 

30 

33 

32 

30 

31 

34 

30 

32 

36 

32 

32 

34 

30 

32 

30 


91 


Total  in  acre- 
feet. 


3,997 
4,387 
5, 534 
15,  888 
18,  262 
6,069 
2,152 
2,029 
1,845 
1,  968 
1,904 
1,968 


Kun-oflF. 


Dei)th  in 
inches. 


0.21 
0.23 
0.29 
0.82 
0.95 
0.31 
0.12 
0.10 
0.10 
0.10 
0.10 
0.10 


Second - 

feet 

per  square 

mile. 


0.18 
0.22 
0.25 
0.74 
0.83 
0.28 
0.10 
0.09 
0.09 
0.09 
0.09 
0.09 


66,  003         3.  43 


0.25 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  151, 
measurement,  page  153,  rating  table,  page  154;  results  for  1897  in  AVater-Supply  and  Irrigation  Taper 
No.  16,  page  160,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  pages  436  to  439. 


Sec.-ft. 

JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

6,  500 

6,  000 
5,500 

5,  000 

4.500 
4,000 
3,  500 
3,000 
2,500 

' 

< 

2,000 
1,500 
1,000 

0 

M 

^ 

1^ 

rf 

iu 

jiy 

Fig.  177.— Discharge  of  Ogden  Eiver  at  Ogden,  Utah,  1898. 
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Estimated  monthly  discharge  of  Weher  River  at  Uinta,  Utah. 
[Draiuage  area,  1,600  square  miles. J 


Month. 


1898. 

Jaunai'v 

February  .. 
March  


Discharge  in  second-feet. 


Maxi- 
niuiu- 


310 
475 
510 


April 2,118 

May 2,066 

June '     1,240 


July  ...... 

August   . . . 
September 
October  ... 
November  . 
December  . 


620 
145 
210 
415 
695 
445 


The  year 


2,118 


Mini- 
mum. 


260 
260 
335 
415 
1,040 
310 
165 
65 
125 
210 
415 
415 


65 


Mean. 


271 

320 

392 

1,329 

1,606 

752 

291 

92 

171 

302 

439 

416 


Total  in  acre- 
feet. 


16,  663 

17,  772 
24, 103 
79,  081 
98,  750 
44,  747 

17,  892 
5,657 

10, 175 

18,  569 
26, 122 
25,  579 


532 


385, 110 


E,un-off. 


Depth  in 
inches. 


0.20 

0.21. 

0.29 

0.92 

1.15 

0.53 

0.21 

0.07 

0.12 

0.22 

0.30 

0.30 


Second- 
feet 
per square 
mile. 


4.52 


0.17 
0.20 
0.25 
0.83 
1.00 
0.47 
0.18 
0.06 
0.11 
0.19 
0.27 
0.26 


0.33 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  151,  meas- 
urements, page  153,  rating  table,  page  154;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No. 
16,  page  161,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  440  to  441. 


Sec.-ft. 

JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC.    ! 
10  20   1 

6,000 
5,500 
5,000 
4,500 
4,000 
3,500 
3,000 

i 

1 

2,500 
2,000 

i_ 

1, 

1,500 
1,000 

A 

1 

h 

u 

.'Son 
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EiG.  178.— Discharge  of  "Weber  River  at  Uinta,  Utah,  1898. 


NEWELL.] 


GREAT    SALT    LAKE    BASIN. 


467 


UTAH    LAKE. 


Geneva  station  on  Utah  Lake  is  described  on  page  163  of  Water- 
Supply  and  Irrigation  Paper  ^o.  16;  results  for  1897  are  given  on  page 
443  of  the  Nineteenth  Annual  Report,  Part  lY.  Gage  heights  for  1898 
are  given  on  page  152  of  Water- Supidy  and  Irrigation  Paper  No.  28. 


The  accompanying  figure  shows  the 
relative  location  of  the  reservoir  of  the 
Mount  Nebo  Irrigation  Company,  and 
the  canal  lines  carrying  water  to  lands 
in  the  vicinity  of  Goshen,  Utah,  south 
of  Utah  Lake,  described  in  the  Nine- 
teenth Annual  Report,  Part  lY.,  on  page 
443.  This  is  one  of  the  principal  storage 
works  constructed  on  tributaries  of  Utah 
Lake.  The  water  supply  coming  from 
the  slopes  of  Mount  Nebo  has  not  been 
so  large  as  was  anticipated. 


Fio.  179. — Relative  location  of  Mount  Nebo  reservoir  and  canal. 
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PROVO    RIVER. 

Estimated  inonthJy  discharge  of  Provo  Elver  at  Provo,  Utah. 
[Drainage  area,  640  square  miles.] 


Month. 


1898. 
Januar}'^  . . . 
February   . . 

March 

April  

May  . 

June 

July 

August 

September  . 

October 

November  . . 
December  .. 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


336 
390 
390 
972 
132 
212 
287 
167 
167 
250 
287 
287 


The  year 1,212 


250 
287 
390 
390 
812 
287 
167 
146 
167 
167 
250 
250 


146 


Mean. 


283 
307 
390 
566 
957 
823 
202 
162 
167 
210 
281 
279 


386 


Total  in  acre- 
feet. 


17,  401 
17,  050 
23,  980 
33,  679 
58,  844 
48,  972 
12,  421 
9,961 
9,937 
12,912 
16,  721 
17, 155 


Hun-off. 


Depth  in 
inches. 


0.51 
0.50 
0.70 
0.98 
1.73 
1.44 
0.37 
0.29 
0.29 
0.38 
0.49 
0.51 


279,033  i      8.19 


Second- 
feet  per 
square 
mile. 


0.44 
0.48 
0.61 
0.88 
1.50 
1.29 
0.32 
0.25 
0.26 
0.33 
0.44 
0.44 


0.60 


Note.-— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  152; 
measurements,  page  153;  rating  table,  page  154 ;  results  tor  1807  in  Water- Supply  and  Irrigation  Paper 
No.  10,  page  162,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  441  to  442. 
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Fig.  180.— Discharge  of  Provo  River  at  Provo,  Utah,  1889-1898.    The  diagrams  for  1897  and  1898  (except 

the  dates)  should  he  transposed. 
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AMERICAN   FORK   RIVER. 

Measurements  of  American  Fork  River,  Utah,  during  January, 
February,  and  March,  1897,  have  been  given  by  Mr.  R.  0.  Gemmell, 
State  engineer  of  Utah.  These  measurements  were  made  at  the  mouth 
of  the  canyon,  over  weirs  built  for  dividing  the  waters  of  the  stream 
between  the  towns  of  American  Fork,  Lehi,  and  Pleasant  Grove.  A 
gage  was  set  up  by  Mr.  Gemmell  and  read  four  times  a,  day  by  an 
assistant,  but  the  weirs  were  poorly  constructed.  It  is  believed  that 
the  figures  are  correct  within  3  per  cent.  The  maximum  and  minimum 
flows  of  February,  which  occurred  on  the  19th,  were  caused  by  snow 
slides  in  the  canyon,  the  immediate  effect  lasting  only  about  one  hour. 

Maximum,  minimum,  and  mean  discharge  of  American  Fork  River  for  three  months  in  1897, 


Month. 


Maximum.     Minimum. 


Mean. 


January. 
P^ebruary 
March... 


Second-feet. 
25.5 
48.7 
30.3 


Second-feet. 
23.5 
2.0 
23.5 


Second-feet. 

24:.  o 

25.5 
20.  5 


COI.UMBIA  RIVER  DRAIN^AGE. 

Under  this  heading  are  included  data  concerning  the  streams  of 
Idaho,  Oregon,  and  Washington,  tributary  to  the  Columbia,  thesebeing 
the  Snake,  Olarks  Fork  or  Missoula,  and  Yakima  rivers. 


SNAKE  RIVER. 

Snake  River  rises  in  western  Wyoming  and  eastern  Idaho,  in  the 
vicinity  of  Yellowstone  Park,  and  Hows  in  a  general  westerly  course 
through  the  lava  covered  plains  of  southern  Idaho,  where  its  waters 
are  used  to  a  small  extent  for  irrigation.  Turning  northward,  it 
receives  the  Boise,  Payette,  Weiser,  Owyhee,  Malheur,  and  other 
streams  of  less  importance  in  irrigation  j  and,  passing  around  to  the 
east  and  north  of  the  Blue  Mountains  of  Oregon,  enters  Columbia 
River. 

PRECIPITATION   IN   THE   BASIN   OF    SNAKE   RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
Snake  River  are  at  Lake,  Idaho  Falls,  Fort  Hall,  Placerville,  Lost 
River,  American  Falls,  Oakley,  Hailey,  Nampa,  Boise  City,  Payette, 
and  Ruthburg.  The  relative  location  of  these  points  is  shown  on  fig. 
IGO  in  connection  with  the  points  of  river  measurement,  which  are  at 
Pocatello,  Montgomery,  Toponis,  Grand  View,  Boise,  Payette,  and 
Weiser. 
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The  following  table  gives  the  names  and  location  of  the  stations,  the 
elevations,  and  the  number  of  years  during  which  the  observations 


OCampTTjree 


Fig.  181. —Relative  location  of  river  and  rainfall  observations  in  basin  of  Snake  River. 

have  been  made,  or,  rather,  the  number  of  complete  monthly  observa- 
tions used  in  computing  the  normals: 

Locaiion  of  rainfall  stations. 


Station. 


Lake 

Idaho  Falls  . . . 

Fort  Hall 

Placerville  . ... 
Lost  River  . ... 
American  Falls 

Oakley 

Hailey 

Nampa 

Boise 

Payette  '. 

Ruthbnrg 


County. 


Fremont 


Bingham 


State. 


Idaho  . 

....do 

Oneida ! do 

Boise do 

Blaine do 

Oneida do 

Cassia 

Blaine 

Canyon  

Ada 

Canyon  


Washington. 


do 
do 
do 
do 
.do 
do 


Latitude. 

Longi- 
tude. 

Eleva- 
tion. 

Length  of 
record. 

0          / 

o          / 

Feet. 

44  42 

111  20 

6,000 

6-8 

43  28 

112  00 

4,742 

8-9 

43  15 

112  00 

4,870 

3-7 

43  56 

115  57 

4,000 

4-8 

43  39 

113  23 

6,  000 

7-9 

42  47 

112  57 

4,343 

5-8 

42  14 

113  55 

4,191 

4-5 

43  32 

114  20 

5,503 

2-4 

43  35 

116  33 

2,400 

4-5 

43  38 

116  13 

2,880 

27 

44  4 

116  56 

2,195 

6-8 

44  47 

116  52 

5-7 

In  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  total  precipitation  by  months  for  the 
years  1896,  1897,  and  1898;  and  also  the  amount  by  years.     In  obtain- 
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mg  the  normal  precipitation,  the  average  is  taken  for  all  of  the  months 
during  which  observations  were  made: 

Precipitation  at  stations  in  drainage  basin  of  Snake  River. 

LAKE. 


Tear. 


Normal 
1896. . . . 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

2.07 
0.50 
1.35 
1.21 

July. 

Aug. 
0.64 

Sept. 
0.96 

Oct. 

Nov. 

Dec. 

2.91 
1.40 
5.34 
1.50 

2.27 
3.00 
0.30 
2.00 

2.13 
1.40 
2.00 
1.30 

1.69 
2.00 
1.50 
2.00 

0.57 
1.30 
0.00 
0.35 

1.23 

2.50 
0.26 
1.07 

0.60 

0.88 

1.36 

].15 

(0.88) 

1.74 

3.40 
1.40 
0.80 

(0.  60) 
0.35 

0.00 
0.60 

(0.  96) 
0.00 

Annual, 


IDAHO  FALLS. 


17.69 


14.  8G 
12.06 


Normal 
1896.... 
1897.... 
1898 


2.04 

1.85 

2.20 

1.51 

1.17 

1.09 

0.45 

0.42 

0.66 

1.06 

1.29 

1.53 

1.56 

0.46 

3.41 

1.13 

2.78 

0.65 

1.16 

1.08 

0.30 

0.58 

3.25 

0.82 

0.67 

2.59 

3.84 

1.35 

0.84 

0.77 

0.20 

T 

0.55 

1.48 

1.90 

1.59 

1.76 

0.34 

1.33 

0.19 

i.74 

1.33 

0.93 

0.34 

0.03 

0.49 

1.34 

0.76 

FORT  HALL. 


15.27 
17.18 
15.77 
10.  58 


Normal 
1896.... 

1897 

1898 


0.62 
1.35 
0.17 


0.77 

(0.  77) 

1.08 


0.64 
1.95 
0.10 


0.30 
1.50 
1.40 


1.77 
2.63 
0.23 


0.58 
0.27 
0.62 


1.05  0.64 
0.75  1.74 
1.84  I  0.50 


0.28 
0.23 
0.66 


0.85 
0.92 
1.79 


L24 

2.17 
0.88 


1.23 
0.46 
0.96 


9.97 
14.74 
10.23 


Normal 
1896.... 

1897 

1898 


PLACERVILLE. 


2.90 


1.98 


3.14 
1.46 
4.94 


3.83 
4.11 
6.74 


2.03 


1.41 


2.30 
6.26 
L43 


0.59 
1.70 
0.39 


0.75 
1.86 
1.26 


0.46 

0.91 
T. 


1.32 
0.45 
L27 


2.34 


0.71 


3.09 
5.96 
(3. 09) 


3.  30      26.  05 

3. 62     

4.10  I    27.32 


ERA,  MARTUS,  AND  LOST  RIVER. 


Normal 

1896 

1897.... 
1898.... 


2.22 

1.67 

2.20 

0.77 

L63 

0.74 

0.33 

0.14 

0  51 

0.75 

L14 

1.80 

3.35 

0.15 

2.30 

0.55 

3.45 

0.20 

0.40 

0.10 

0.24 

0.55 

4.10 

0.20 

0.05 

0.53 

1.88 

0.13 

0.42 

1.07 

0.51 

0.27 

0.66 

L86 

0.46 

0.73 

0.38 

0.02 

0.20 

0.08 

2.06 

1.26 

1.82 

0.80 

0.25 

0.45 

0.33 

0.03 

13.90 
15.59 

8.57 
7.73 


AMERICAN  FALLS. 


Normal 
1896.... 
1897..-- 
1898..-- 

Normal 
1896.-.. 
1897.--. 
1898.--. 


1.37 

1.23 

1.65 

1.34 

L36 

0.92 

0.56 

0.48 

0.65 

1.00 

1.16 

1.41 

2.32 

0.26 

2.39 

2.23 

3.60 

0.83 

0.79 

0.74 

(0.  65) 

(1.00) 

3.88 

1.00 

0.53 

L85 

1.82 

0.60 

0.43 

0.68 

3.09 

1.86 

1.57 

0.75 

0.25 

0.25 

0.15 

0.28 

2.00 

0.40 

0.00 

0.00 

13.13 
19.69 


OAKLEY. 


0.78 
1.19 
0.50 
0.70 


0.42 
0.20 
0.20 
0.30 


0.92 
1.87' 
0.10 
0.30 


0.76 
0.80 
0.92 
0.20 


0.75 
1.20 
0.90 
1.10 


0.54 
0.50 
0.50 
0.58 


0.34 
0.60 
0.85 
0.85 


0.70 
0.62 
0,40 
0.25 


1.24 
0.55 
1.20 
0.00 


0.88 
(0.88) 
2.70 
0.30 


0.69 
1.54 
1.12 
1.40 


0.51 
(0.51) 
1.00 
0.20 


8.53 
10.46 
10.39 

6.18 
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Precipitation  at  stations  in  drainage  hasin  of  Snake  River — Coutinued. 

HAILET. 


Year. 


Jan. 


Normal 2.56 

1896 

1897 0.28 

1898 ; ' 


Feb. 


2.46 


2.55 


Mar. 


3.25 


6.00 


Apr. 


0.64 


0.96 


May. 


0.93 


0.52 


June. 


0.68 


1.14 


July.  Aug. 


0.20 


0.07 


0.10 

T. 

0.14 


Sept. 


1.37 
0.85 
0.55 


Oct. 


0.71 
0.43 
1.71 


Nov. 


2.60 
6.11 
2.60 


Deo. 


2.61 
1.66 
1.95 


Annual. 


18.11 


18.47 


NAMPA. 


Normal 

1896 

1897 

1898.... 


1.20 

0.50 

0.87 

1.27 

1.72 

0.46 

0.22 

0.28 

0.52 

0.90 

0.92 

1.20 

2.01 

0.45 

1.20 

1.26 

3.19 

1.04 

0.25 

0.87 

0.34 

0.78 

2.08 

1.76 

(1.20) 

(0.  50) 

1.46 

0.96 

0.49 

0.49 

0.23 

0.12 

0.61 

1.11 

1.04 

2.25 

1.25 

0.40 

0.28 

0.30 

1.10 

0.29 

T. 

1 

10.06 
15.23 
10.46 


Normal 

1896 

1897.... 
1898 


BOISE. 


2.31 

1.60 

1.82 

1.15 

1.63 

0.81 

0.19 

0.22 

0.43 

1.01 

1.30 

1.95 

3.72 

0.50 

2.41 

2.72 

4.90 

1.36 

0.10 

1.06 

0.28 

1.16 

3.26 

1.48 

1.15 

2.95 

3.18 

1.10 

0.60 

0.40 

0.16 

T. 

1.04 

1.76 

2.34 

2.30 

PAYETTE. 


14.42 
22.95 
16.98 


N  ormal 

1896 

1897.... 
1898 


1.66 

1.01 

1.30 

0.97 

1.24 

0.67 

0.36 

0.18 

0.62 

0.56 

0.88 

1.52 

2.58 

0.30 

0.86 

1.74 

2.20 

1.58 

0.44 

0.72 

0.06 

0.05 

2.05 

1.20 

1.60 

1.96 

2.40 

0.74 

1.03 

1.01 

0.70 

0.10 

0.17 

0.65 

0.98 

2.62 

1.52 

0.68 

T. 

0.51 

2.07 

0.54 

0.20 

0.30 

0.80 

1.22 

2.98 

0.36 

10.97 
13.78 
14.02 
11.18 


EUTHBURG  AND  SALUBRIA. 


Normal . 

1896 

1897 

1898 


3.34 

2.00 

2.06 

1.73 

2.38 

1.26 

0.42 

0.35 

0.74 

0.78 

2.11 

3.00 

6.40 

1.30 

1.46 

2.98 

4.86 

1.58 

0.28 

1.28 

0.25 

1.18 

4.60 

3.21 

1.74 

3.41 

3.76 

0.92 

1.40 

1.23 

0.22 

0.10 

0.38 

0.82 

2.78 

3.77 

1.82 

2.12 

0.25 

0.64 

- 

2.31 

0.36 

0.27 

0.58 

0.18 

1.78 

3.25 

(3.00) 

AVERAGES. 


20.17 
29.38 
20.53 
16.56 


Normal 

1896 

1897 

1898 


1.94 

1.57 

1.87 

1.07 

1.51 

0.87 

0.46 

0.38 

0.78 

0.98 

1.51 

1.91 

2.75 

0.83 

2.18 

1.62 

3.42 

1.07 

0.60 

0.83 

0.35 

0.81 

3.53 

1.44 

0.89 

2,05 

2.74 

0.90 

0.73 

0.81 

0.59 

0.19 

0.67 

1.57 

1.70 

2.31 

0.27 

0.68 

0.58 

0.30 

1.64 

0.73 

0.80 

0.42 

0.18 

1.37 

1.68 

0.84 

14.85 

19.43 

15.15 

9.49 
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Bun-off,  in  inches,  from  Snake  drainage  baain. 
SNAKE,  AT  MONTGOMERY. 


Year. 


i89r 


1896. 
1897. 
1898. 


Average. 


Jan. 


Feb. 


0.24 
0.25 


0.25 


0.23 
0.23 


0.23 


Mar. 


0,25 
0.25 
0.28 


0.23 


A])r. 


0.26 
0.33 
0.43 


0.34 


May.  June, 


0.47 
1.68 
0.90 


July. 


1.95     0.68 


1.02 


1.50 
1.03 


1.49 


0.54 
0.47 


0.56 


Aug. 

0.20 
0.28 
0.26 
0.23 


0.24 


Sept. 


0.22 


Oct. 


0.23 


0.25  j  0.19 
0.24  I  0.25 
0. 21     0.  24 

0.  23      0.  23 


Nov.    Dec. 


0.23 


0.24 


0.24     0.25 
0.26  ,  0.30 


0.25     0.28 


Annual. 


5.33 
6.02 
4.83 


5.35 


MALA  DE,  AT  TOPONIS. 


1896. 
1897. 
1898. 


Average 


0.35 
0.35 


0.27 


0.27 


0.28 


0.28 


1.93 
0.35 
0.54 


0.61 
0.19 
0.15 


0.  94     0.  32 


0.08 
0.02 


0.07 
0.04 


0.  05      0.  04 


LITTLE  WOOD,  AT  TOPONIS. 


1896. 
1897. 
1898. 


0.49 
0.18 


0.12 
0.02 


0.00 
0.02 


0.04 
0.08 


Average. 


0.34 


0.07     0.01      0.06 


BRUiJEAU,  AT  GRANDVIEW. 


1896. 
1897. 
1898. 


Average . 


0.07 

0.07 

0.21 

0.39 

0.60 

1.23 

0.21 

0.04 

0.03 

0.04 

0.08 

0.08 

0.06 

0.08 

0.30 

1.01 

0.45 

0..57 

0.13 

0.03 

0.03 

0.06 

0.08 

0.08 

0.07 
0.07 

0.13 
0.09 

0.14 

0.44 

0.44 

0.28 

0.07 

0.02 

0.01 

0.04 

0.05 

0.05 
0.07 

0.22 

0.61 

0.50 

0.69 

0.14 

0.03 

0.02 

0.05 

0.07 

3.05 
2.88 
1.30 

2.56 


BOISE,  AT  BOISE. 


1895. 
1896. 
1897. 
1898. 


A  verage . 


0.58 

0.54 

0.70 

L89 

2.85 

L72 

1.15 

0.46 

0.45 

C.43 

0.41 

0.38 

0.55 

0.50 

1.16 

2.16 

3.81 

11.10 

2.62 

0.60 

0.44 

0.41 

0.41 

0.40 

0.38 

0.41 

0.67 

2.34 

6.40 

3.46 

1.08 

0.51 

0.48 

0.48 

0.49 

0.47 

0.25 

0.52 

0.91 

1.91 

2.46 

2.28 
4.64 

0.89 
1.44 

0.35 

0.30 

0.40 

0.43 

L15 

0.44 

0.49 

0.86 

2.08 

3.88 

0.48 

0.42 

0.43 

0.44 

0.60 

11.56 
24.16 
17.17 
11.85 

16.20 


PAYETTE,  AT  PAYETTE. 


1895. 
1896. 
1897. 

1898. 


0.54 


0.60 


0.68 


0.58 


0.91 
2.10 
4.35 


2.23 
7.69 
3.48 


0.93 
3.46 
1.37 


0.36 
0.69 


0.33 
0.48 


0.31 


0.31 


0.32 


8.10 


Average. 


2.45 


4.43 


L92 


0.53 


0.41 


0.31 


0.31 


0.32 


WEISER,  AT  WEISER. 


1895. 
1896. 
1897. 
1898. 


Average. 


0.35 
1.83 

0.19 
0.55 

1.23 
L52 

1.51 
1.38 
7.26 
1.51 

•L84 
4.04 
4.84 
L30 

0.56 
4.56 
0.83 
0.91 

0.17 
0.68 
0.26 
0.24 

0.04 
0.16 
0.06 
0.02 

0.08 
0.16 
0.08 
0.03 

0.09 
0.14 
0.10 
0.08 

0.09 
0.10 
0.10 
0.10 

0.20 
0.17 
0.10 
0.53 

(0.  10) 

(0. 21) 

0.46 

(0.  76) 

(0. 32) 

1.07 

2.92 

3.01 

L72 

0.34 

0.07 

0.09 

0.10 

0.10 

0.25 

6.35 
15.29 

5.49 
10.75 
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Rainfall  and  run-off. 


Station. 


RAINFALL. 

Lake ". 

Idaho  Falls 

Fort  Hall 

Placerville 

Lost  River 

American  Falls 

Oak  ley 

Hailey 

Naiiipa 

Boise 

Payette 

Riithburg 

Average 

KUN-OFF. 

Snake,  at  Montgomery  Ferrj- 

Bruneau,  at  Grand  View 

Boise,  at  Boise 

Payette,  at  Payette 

Weiser,  at  Weiser 

Average 

Percentage  of  rainfall 


Normal. 


17.  69 
15.27 

9.97 
26.05 
13.90 
13.13 

8.53 
18.11 
10.06 
14.42 
10.97 
20.17 


14.86 


5.  35 
2.56 

16.20 
6.35 

10.75 


8.24 


55.45 


1896. 


17.18 

14.74 


15.  59 
19.69 
10.46 


15.23 
22.95 
13.78 
29.38. 


17.67 


5.33 

3.05 

24.16 


15.29 


11.96 


67.68 


1897. 


14.86 
15.77 
10.23 
27.  32 

8.57 


10.39 
18.47 
10.46 
16.98 
14.02 
20.53 


15.24 


6.02 

2.88 

17.17 


8.69 


57.02 


1898. 


12.06 
10.58 


7.73 
6.18 


11.18 
16.56 


10.72 


4.83 

1.30 

11.85 


5.49 


5.87 


54.76 


Estimated  montlily  discharge  of  Snake  River  at  Montgomery  Ferry,  Idaho. 

[Drainage  area,  22,600  square  miles.] 


Month. 


1898. 

March  13-31 

April 

May 

June 

July 

August 

September  . 

October 

November  .. 
December  .. 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

5,374 
8,629 

19,  880 

5,250 

25,  400 

12,  920 

17,  658 

26,  360 

15,  080 

20,  936 

17,  240 

5,250 

9,142 

5, 100 

4,350 

4,498 

4,600 

4,350 

4,383 

5,100 

4,525 

4,818 

5,400 

5,100 

5,173 

9,650 

4,900 

5,874 

Total  in  acre- 
feet. 


330,  436 
513,  460 
1,  085,  755 
1,  245,  776 
562, 123 
276,  573 
260,  806 
296,  249 
307,  814 
361, 181 


Run -off. 


Depth  in 
inches. 


0.28 
0.43 
0.90 
L03 
0.47 
0.23 
0.21 
0.24 
0.26 
0.30 


Second- 
feet  per 
square 
mile. 


0.24 
0.38 
0.78 
0.93 
0.41 
0.20 
0.19 
0.21 
0.23 
0.26 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  160; 
measurements,  page  168 ;  rating  table,  page  169 ;  results  for  1897,  in  "Water-Supply  and  Irrigation  Paper 
No.  16,  page  165,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  144  to  448. 
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Sec.-ft. 
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Fig.  182 — Discharge  of  Snake  River  at  Montgomery  Ferry,  Idaho,  1898. 

PORTNEUF    RIVER. 
Estimated  monthly  discharge  of  Portneuf  River  at  Pocafello,  Idaho. 


Month. 


1897. 
May  18-31.. 

June   

July 

August 

September  . 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


1898. 

April    

May 

Juue 

July 

August. ... 
September 
October  . . . 
November  . 
December  . 


1,881 

1,160 

316 

165 

183 

336 
219 
336 
165 
121 
113 
183 
201 
257 


1,229 

316 

130 

80 

113 

165 

183 

147 

14 

80 

80 

113 

165 

165 


Mean. 


1,665 
569 

•  215 
126 
147 

247 

203 

222 

50 

89 

99 

140 

178 

206 


Total  in  acre- 
feet. 


Run-off. 


Depth  in 
inches. 


102,  377 
33,  858 

13,  220 

7,747 
8,688 

14,  697 

12,  482 

13,  210 
3,074 
5,472 
5,891 
8,608 

10, 592 
12,  667 


Second- 
feet  i)er 
square 
mile. 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  Xo.  28,  page  153; 
measurements,  page  159;  rating  tahle,  page  168;  results  for  1897,  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  164. 
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Sec.-ft. 
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Fig.  183.— Discharge  of  Portneuf  River  at  Pocatello,  Idaho,  1897-98. 

Portneuf  River  receives  waters  from  the  mouDtain  raiige  of  the  same 
name  lying  in  southeastern  Idaho,  northwest  of  Bear  Lake.  The  river 
flows  in  a  general  westerly  course  across  the  Fort  Hall  Indian  Reser- 
vation into  Snake  River  above  American  Falls.  Measurements  have 
been  made  at  the  town  of  Pocatello,  Idaho,  giving  the  flow  during  a 
portion  of  1897  and  the  greater  part  of  1898,  as  indicated  by  the 
accompanying  tables  and  diagrams. 
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MALADE   AND   LITTLE   WOOD   RIVERS. 

Estimated  monilily  discharge  of  Malade  River  at  Toponis,  Idaho. 
[Drainaj^e  area,  2,190  square  miles.] 


Month. 


Discharge  iu  second-feet. 


Maxi- 
mum. 


1898. 
March  13-31 \ 

I 

April I     1,290 

May  \  ^      740 

June 1,590 

July 1,490. 


Mini- 
mum. 


Mean. 


45 

210 

670 

2 


66 

522 

518 

1,057 

280 


Total  in  acre- 

leet. 


4,  058 
31,  061 
31,  851 
62,  896 
17,  217 


Riin-ofif. 


Depth  in 
inches. 


Second- 
feet  per 
square 
mile. 


0.04 
0.27 
0.28 
0.54 
0.15 


0.03 
0.24 
0.24 
0.48 
0.13 


Note. — Gage  heights  for  1898  of  Malade  and  Little  "Wood  Rivers  at  Toponis  are  given  in  "Water-Sup- 
ply and  Irrigation  Paper  No.  28,  page  160 ;  measurements,  page  168 :  rating  tahle,  page  169 ;  results  tor 
1897,  in  "Water-Supply  and  Irrigation  Paper  No.  16,  page  165,  and  in  the  Nineteenth  Annual  Report, 
Part  IV,  pages  448  to  449. 


Sec. -ft. 
6.500 

6,000 
5,500 

5,000 
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2,000 
1.500 
1,000 
500 


Fig.  184.— Discharge  of  Malade  River  at  Toponis,  Idaho,  1898. 
LONGTOM  RESERVOIR    SITES. 

Three  miles  north  of  Mountain  Home^  Elmore  County,  Idaho,  is  located 
a  reservoir  supplying  the  vicinity  with  water  for  irrigation  purposes. 
This  reservoir  is  filled  by  means  of  a  feed  canal  about  8  miles  long,  tak- 
ing water  from  Canyon  Creek.  During  seasons  of  plentiful  snowfall 
there  is  sufficient  water  in  this  creek  to  fill  the  reservoir  in  the  spring, 
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but  during  years  of  low  discharge,  as  that  of  1898,  the  supply  is  not 
sufiticieiit,  and  as  a  consequence  the  land  suffers  for  want  of  water. 
In  order  to  increase  the  supply  a  number  of  propositions  have  been 
advanced  to  utilize  what  was  said  to  be  an  excellent  reservoir  site  at 
the  headwaters  of  Longtom  Creek,  a  tributary  of  Canyon  Creek.  The 
area  draining  into  this  site  is  comprised  largely  in  the  reservoir  itself, 
and  therefore,  owing  to  its  smallness,  this  reservoir  must  of  necessity 
be  filled  by  means  of  a  feed  canal  from  some  other  source  of  supply. 
One  or  two  surveys  of  sites  have  been  reported,  and  maps  are  on  file 
in  the  office  of  the  State  engineer  of  Idaho  showing  the  location  of  these 
and  of  canal  lines  for  conducting  water  to  lauds  below,  but  no  accurate 
survey  of  the  reservoir  itself  had  been  made. 

During  the  summer  of  1898  an  examination  of  the  locality  was  made 
by  Mr.  Cyrus  C.  Babb.  There  were  found  to  be  two  good  sites,  sei)a- 
rated  by  a  canyon  about  2  miles  long.  On  casual  inspection  one  would 
think  the  upper  site  preferable,  and  private  projects  contemplating 
using  these  sites  have  always  considered  the  upper  one.  They  were 
both  surveyed,  however,  and  after  measurement,  the  lower  was  found 
to  be  preferable  for  two  reasons,  the  length  of  dam  was  shorter  and  the 
contents  greater.  One  ranch,  the  property  of  H.  Hubbel,  comprising 
160  acres,  is  located  in  the  bottom  of  the  lower  site. 

The  following  table  brings  out  various  facts  concerning  the  two  sites. 
The  first  column  shows  heights  of  contours  for  every  10  feet.  Then 
follows  two  sets  of  three  columns  each,  giving  data  for  the  lower  and 
upper  site  respectively.  The  first  column  shows  the  area  in  acres. 
The  next  column  exhibits  the  capacity  in  acre-feet  between  each  con- 
tour. For  instance,  in  the  second  column,  under  the  lower  site,  oppo- 
site 50  feet,  occur  the  figures  1,131  acre-feet.  This  means  that  the 
contents  between  the  two  contours  40  and  50  feet  is  1,134  acre-feet. 
The  last  column  in  each  set  gives  the  total  capacity  in  acre-feet  of  the 
reservoir  up  to  the  elevation  which  is  opposite.  For  instance,  opposite 
100  feet  in  the  contour  column  occur  the  figures  13,092  acre-feet  in  the 
total  capacity  column  for  the  lower  site.  This  means  the  contents  of 
the  reservoir  for  that  height  of  dam  is  the  figure  quoted.  For  the  lower 
site,  with  a  height  of  dam  150  feet,  the  length  of  dam  would  be  450 
feet,  and  the  capacity  of  the  reservoir  37,854  acre-feet.  At  the  upper 
site,  with  a  height  of  140  feet,  the  length  of  dam  would  be  870  feet  and 
the  capacity  of  the  reservoir  28,664  acre-feet ;  while  with  a  height  of 
150  feet,  the  length  of  dam  would  be  1,050  feet  and  the  capacity  36,213 
acre-feet.  The  relative  shape  and  size  of  each  of  these  sites  is  given 
in  Figs.  185  and  186. 
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Capacity  of  Longtom  reservoir  sites. 


Contour. 

Lower  site. 

Upper  site. 

Area. 

Capacity. 

Total 
capacity. 

Area. 

Capacity. 

Total 
capacity. 

Feet. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

Acres. 

1.8 

41.4 

62.7 

98.0 

128.8 

153.2 

182.2 

219.4 

263.1 

318.8 

378.1 

449.0 

519.3 

610.0 

720.8 

Acre-feet. 

1 

216 

520 

804 

1,134 

1,410 

1,677 

2,008 

2,412 

2,910 

3,484 

4,136 

4,842 

5,646 

6,654 

Acre-feet. 

1 

217 

737 

1,541 

2,675 

4,085 

5,762 

7,770 

10, 182 

13,  092 

16, 576 

20,712 

25, 554 

31,200 

37,  854 

Acres. 

2.8 

10.6 

20.7 

36.8 

63.5 

92.5 

135.7 

183.5 

240.6 

312.8 

387.3 

467.4 

563.0 

690.9 

818.8 

Acre-feet. 

1 

67 
157 

288 
502 
780 
1,141 
1,646 
2,121 
2,767 
3,500 
4,273 
5,152 
6,269 
7,549 

Acre-feet. 

1 

68 

225 

513 

1,015 

1,795 

2,  936 

4,582 

6,703 

9,470 

12,  970 

17,  243 

22, 395 

28,  664 

36,  213 

37,  854 

36,  213 

7-/5 


Fig.  185.— Upper  Longtom  reservoir  site,  Elmore  County,  Idaho.     Surveyed  August,  1898,  by  Cyrus 

C.  Babb. 
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Fig.  186.— Lower  Longtom  reservoir  site,  Elmore  County,  Idaho.     Surveyed  August,  1898,  by  Cyrus 

C.  Babb. 

As  the  result  of  the  surveys  aud  recommendations  made  by  Mr.  Cyrus 
0.  Babb,  above  noted,  the  Director  of  the  United  States  Geological  Sur- 
vey, on  November  1,  1898,  requested  that  the  lands  described  below  be 
reserved  for  reservoir  purposes  under  the  act  of  October  2,  1888  (25 
Stat.  L.,  p.  526),  and  the  act  of  October  30,  1890  (26  Stat.  L.,p.391). 

Lands  segregated  for  Longtom  reservoir  site,  Boise  meridian,  Elmore  County,  Idaho. 

T.  2  S.,  R.  7  E. : 

S.  i  of  NE.  h  NW.  i  of  NE.  h  N.  i  of  N W.  h  sec.  1 200 

NE.  i  of  NE.  i,  sec.  2 40 

T.l  S.,  R.7  E.: 

S.  i  of  NE.  i,  SE.  i  of  N.  W.  i,  N.  i  of  SE.i,  SE.i  of  SE.  i,  sec.  24 240 

SE.  i  of  NE.  i,  E.  i  of  SE.  i,  SW.  i  of  SE.  i,  S  i  of  SW.  i,  NW.  i  of  SW.  i, 

sec.  25 280 

SE.  i  and  E.  i  of  S  W.  i,  sec.  26 240 

W.  i  of  NE.  i,  NE.  i  of  NW.  i,  SE.  i,  E.  i  of  SW.  i,  sec.  35 360 

N.  i  of  NE.  i,  SW.  i  of  NE.  },  N.  i  of  NW.  i,  SE.  i  of  NW.  i,  E.  i  of  S W.  i, 

SW.iof  SW.i,W.iof  SE.i,8ec.36 440 

T.l  S.,R.8E.: 

SW.  i  of  NW.  i,  SW.  i,  W.^of  SE.i,SE.iof  SE.i,8ec.l9 320 

SW.iof  SW.i,  sec.  20 40 

W.  i  of  NW.  i,  NW.  i  of  SW.i,  sec.  28 120 
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NE.  i,  NW.  h  N.  i  of  S W.  i,  N.  i  of  SE.  h  sec.  29. 


NE.  i,  E.  i  of  NW.  i,  SW.  i  of  NW.  i,  N.  i  of  SW.  i,  S W.  i  of  SW.  i,  N.  i  of 

SE.i,8ec.30 480 

NW.  i  of  NW.  i,  sec.  31 40 


Total 3,280 
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By  letter  dated  November  9,  1898,  Hon.  Biiiger  Hermann,  Commis- 
sioner of  the  General  Land  Office,  states — 

That  the  tracts  above  described  are,  as  shown  by  the  tract  books  of  this  office,  all 
vacant  and  unappropriated  public  lands  of  the  United  States,  except  the  tracts  in 
section  36,  T.  1  S.,  R.  7  E.,  which  are  not,  in  my  opinion,  subject  to  reservation  for 
reservoir  purposes  under  the  acts  above  mentioned. 

Sec.  14,  act  of  March  3,  1863  (12  Stat.  L.,  814),  entitled  ''An  act  to  provide  a  tem- 
porary Government  for  the  Territory  of  Idaho,"  provides: 

That  when  the  lands  in  the  said  Territory  shall  be  surveyed,  under  the  direction 
of  the  Government  of  the  United  States,  preparatory  to  bringing  the  same  into 
market,  sections  numbered  sixteen  and  thirty-six  in  each  township  in  said  Territory 
shall  be,  and  tliesame  are  hereby,  reserved  for  the  purpose  of  being  ap])lied  to  schools 
in  said  Territory,  and  in  the  States  and  Territories  hereafter  to  be  erected  out  of  the 
same. 

Section  4  of  the  act  of  July  3,  1890  (26  Stat.  L.,  215),  entitled  "  An  act  to  provide 
for  the  admission  of  the  State  of  Idaho  into  the  Union,"  provides:  "That  sections 
numbered  sixteen  and  thirty-six  in  every  township  of  said  State,  and  where  such' 
sections,  or  any  part  thereof,  have  been  sold  or  otherwise  disposed  of  by  or  under 
the  authoritj^  of  any  act  of  Congress,  other  lands  equivalent  thereto,  in  legal  sub- 
divisions of  not  less  than  one  quarter  section,  and  as  contiguous  as  may  be  to  the 
section  in  lieu  of  which  the  same  is  taken,  are  hereby  granted  to  said  State  for  the 
support  of  common  schools,  such  indemnity  lauds  to  be  selected  within  said  State 
in  such  manner  as  the  legislature  may  provide,  with  the  approval  of  the  Secretary 
of  the  Interior." 

The  lands  in  said  section  36  were  surveyed  June  25,  1893,  the  plat  having  been 
filed  in  the  local  office  November  19,  1894. 

The  act  of  Congress  of  October  2,  1888  (25  Stat.  L.,  526),  reserving  lands  for  reser- 
voirs, canals,  ditches,  etc.,  for  irrigating  purposes,  provided  that  ''all  lands  which 
may  hereafter  be  designated  or  selected"  for  such  purposes,  "are  from  this  time 
henceforth  hereby  reserved  from  sale  as  the  property  of  the  United  States,  and  shall 
not  be  subject,  after  the  passage  of  this  act,  to  entry,  settlement,  or  occupation 
until  further  provided  by  law." 

The  act  of  Congress  of  August  30,  1890  (26  Stat.  L.,  391),  repealed  so  much  of  the 

act  of  1888,  supra,  as  provided  for  the  withdrawal  of  the  public  lands  from  entry, 

occupation,  and  settlement — 

except  that  reservoir  sites  heretofore  located  or  selected  shall  remain  segregated  and 
reserved  from  entry  or  settlement,  as  provided  by  said  act,  until  otherwise  provided 
by  law,  and  reservoir  sites  hereafter  located  or  selected  on  public  lands  shall  in  like 
manner  be  reserved  from  the  date  of  location  or  selection  thereof. 

The  grant  to  the  State  of  Idaho  having  attached  prior  to  the  date  of  the  selection 

for  reservoir  purposes,  said  lands  in  section  36  are  not  subject  to  reservation  for 

reservoir  purposes. 

BRUNEAU   RIVER. 

Bruneau  Kiver  rises  in  northern  Nevada  and  flows  in  a  general  north- 
erly course  through  southern  Idaho,  emptying  into  Snake  River  at  a 
point  about  south  of  Boise.  Systematic  measurements  on  this  river 
have  been  made  by  Mr.  Andrew  J.  Wiley,  below  the  headworks  of  the 
Owyhee  Land  and  Irrigation  Company,  near  Grand  View,  Idaho.  The 
amount  of  water  shown  at  this  point  is  practically  that  running  to 
waste  into  Snake  River. 
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Estimated  monthly  discharge  of  Bruneau  Biver  at  Grand  View,  Idaho. 

[Drainage  area,  1,800  square  miles.] 


Month. 


1898. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

140 

70 

105 

920 

90 

218 

410 

140 

214 

1,  040 

150 

698 

850 

500 

683 

620 

200 

455 

190 

45 

102 

40 

25 

29 

25 

15 

21 

80 

45 

60 

120 

65 

78 

130 

55 

79 

1,040 

15 

229 

Total  in  acre- 
feet. 


6,456 

12, 107 

13, 158 

41,  534 

41,  996 

27,  074 

6,272 

1,783 

1,250 

3,689 

4,641 

4,858 


164,  818 


Euu-ofF. 


Dei^th  in 
inches. 


0.07 
0.  13 
0.14 
0.44 
0.44 
0.28 
0.07 
0.02 
0.01 
0.04 
0.05 
0.05 


1.74 


Second- 
feet  per 
square 
mile. 


0.06 
0.12 
0.12 
0.39 
0.38 
0.25 
0.06 
0.02 
0.01 
0.03 
0.04 
0.04 


0.13 


Note. — Gage  heights  for  1898  are  given  in  "VVater-Supply  and  Irrigation  Paper  No.  28,  page  161; 
rating  table,  page  169;  results  for  1897,  in  AVater-Supply  and  Irrigation  Paper  No.  16,  page  167,  and  in 
the  Nineteenth  Annual  Report,  Part  IV,  pages  450  to  451. 


Fig.  187.— Discharge  of  Bruneau  Eiver  at  Grand  View,  Idaho,  1895-1898. 
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BOISE   RIVER. 

Estimated  monthly  discharge  of  Boise  Biver  at  Boise^  Idaho. 
[Draiuage  area,  2,450  square  miles.] 


Month. 


1898. 
January  . .. 
February  . . 

March 

April 

IVlay 

June 

July 

August 

September  . 

October 

November.. 
December  .. 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


6, 
8, 
6, 
3, 
1. 


1, 
3, 


773 

245 

022 
286 
063 
721 
977 
US 

286 


Mini- 
muiu. 


Mean. 


1,405 

1,234 

4,312 

3,457 

892 

550 

550 

859 

721 

1,063 


550 

1,213 

1,924 

4,198 

5,225 

4,990 

1,885 

737 

652 

859 

935 

2,448 


Total  in  acre- 
feet. 


Run -off. 


Depth  in 
inches. 


2, 134 


33,  818 

67,  315 

118,  303 

249,  798 

321,  275 

296,  925 

115,  905 

45,  316 

38,  797 

52,  817 

55,  636 

150,  523 


0.25 
0.52 
0.91 
1.91 
2.46 
2.28 
0.89 
0.35 
0.30 
0.40 
0.43 
1.15 


Second- 
feet  ])er 
square 
mile. 


1,546,428        11.85 


0.22 
0.50 
0.79 
1.71 
2.13 
2.04 
0.77 
0.30 
0.27 
0.35 
0.38 
1.00 


0.87 


Note.  -Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  Xo.  28,  page  161; 
measurements,  page  168;  rating  table,  page  169;  results  for  1897,  in  TVater-Supply  and  Irrigation 
Paper  No.  16,  page  168;  and  in  the  JSineteenth  Annual  Report,  Part  IV,  pages  451  to  454. 
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FiQ.  188.— Discharge  of  Boise  River  at  Boise,  Idaho,  1895-1898. 
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SEEPAGE   MEASUREMENTS   IN   BOISE   VALLEY. 

A  series  of  measurements  of  the  discharge  of  the  canals  taking  water 
from  Boise  River,  between  Boise,  Idaho,  and  Caldwell,  was  made  from 
August  24  to  September  2,  1898,  to  determine  the  amount  of  seepage 
water  returning  to  the  river.  During  the  preceding  winter  the  snow- 
fall had  been  very  light  in  the  mountains  of  Idaho,  consequently  the 
discharge  of  the  rivers  was  correspondingly  low,  especially  during  the 
summer.  During  the  season  of  1898  the  river  was  lower  than  it  had 
been  known  to  be  for  years.  On  August  24,  1§98,  a  measurement  of 
the  main  Boise  River  was  made  at  the  Survey  gaging  station,  10  miles 
above  Boise,  and  on  August  29  the  measurement  of  the  canals  and  the 
waste  water  returning  to  the  river  was  begun.  The  field  operations 
were  completed  on  September  2,  forty-six  measurements  having  been 
made. 

During  the  course  of  the  measurements  on  the  first  day,  August  29, 
a  severe  thunderstorm  occurred  in  the  lower  basin,  and  it  was  thought 
that  the  rainfall  would  aftect  the  value  of  the  results,  but  the  report  of 
the  observer  at  the  gaging  station  showed  that  the  river  rose  only  0.05 
of  a  foot,  which  could  be  accurately  allowed  for  in  the  computations. 
All  of  the  main  canals  were  measured  and  many  of  the  smaller  ones. 
It  is  thought  that  one  or  two  small  ditches  and  waste  sloughs  may 
have  been  overlooked.  The  general  route  traveled,  commencing  above 
Boise,  Idaho,  was  down  the  north  bank  to  Caldwell,  and  thence  return- 
ing along  the  south  bank.  The  first  of  the  following  tables  gives  the 
results  of  the  measurements  in  the  order  made.  The  second  table  gives 
the  results  of  the  measurements  arranged  in  four  columns.  In  the 
first  column  is  the  name  of  the  stream;  in  the  second  column  is  the 
quantity  of  water,  expressed  in  second-feet,  if  the  measurement  was  of 
the  river;  in  the  third  column  is  the  discharge  of  the  canals  withdraw- 
ing water  from  the  river,  and  in  the  last  column  is  the  amount  of  waste 
returning  to  the  river. 

Four  measurements  of  the  main  river  were  made,  the  first  being  at 
the  gaging  station,  the  second  at  the  head  of  Eagle  Island,  the  third  at 
the  Star  Bridge,  and  the  fourth  at  Caldwell.  Considering  the  first  sec- 
tion from  the  gaging  station  to  Eagle  Island,  the  amount  in  the  river 
above,  due  to  the  rise  occasioned  by  the  thunderstorm,  as  corrected 
by  the  observer's  report,  was  734  second-feet;  the  amount  in  the  river 
at  Eagle  Island  was  247  second-feet;  the  difterence  is  487  second-feet. 
To  this  should  be  added  135.4  second-feet,  the  amount  of  water  return- 
ing to  the  river,  making  622.4  second-feet.  These  latter  figures  sub- 
tracted from  744.8  second-feet,  the  amount  taken  out  by  canals  in  this 
division,  gives  as  a  gain  in  a  distance  of  12  miles  of  122.4  second-feet. 

Considering  now  the  section  between  Eagle  Island  and  the  Star 
Bridge,  the  discharge  at  the  latter  point  of  180  second-feet  subtracted 
from  that  above  of  247  second-feet  leaves  G7  second-feet.  Adding  to 
this  8.3  second-feet  wasting  into  the  river  we  have  75.3  second-feet, 
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which,  subtracted  from  217.1  second-feet,  shows  a  gain  in  a  distance  of 
11  miles  of  141.8  second-feet.  Finally,  in  the  third  section,  between  the 
Star  Bridge  and  Caldwell,  the  difference  in  the  discharge  of  the  river 
between  the  two  points  is  149  second-feet.     Adding  to  this  the  waste 
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Fig.  189. — Kelative  location  of  principal  irrigation  canals  between  Boise  and  Caldwell,  Idaho. 

into  the  river  of  53.3  second-feet  we  have  202.3  second-feet.  The  amount 
taken  out  by  canals  is  198.1  second-feet,  showing  a  loss  in  a  distance  of 
11  miles  of  4.2  second-feet.  The  accompanying  map  (fig.  189)  shows 
the  location  of  the  various  ditches  measured. 


Measurements  of  the  discharge  of  canals  in  Boise  Valley.^ 


Date. 

Name  of  stream. 

Locality  of  measurement. 

Discharge. 

1898. 
Aug.  24 
Aug.  29 

Aug.   30 

Boise  River 

U.  S.  G.  S.  gaging  station 

Waste  srate 

Sec. -feet. 

698.0 

81.6 

6.8 

19.5 

1.6 
39.0 
61.3 

8.7 
309.0 

1.3 
63.0 
38.8 

Perault  Canal 

Feed  to  Ellis  or  Grove  Street 
ditch. 

Perault  Canal 

Head  Buckley's  ranch 

Highway  Bridge  below  Good- 
win's mill. 

Road  Bridge 

Cottonwood  Creek  (waste) . . 
Front  Street  Canal 

Flume,  100  feet  west  Broadway 
Waste  ffate 

Rossi  Canal 

Payne  Canal  

Ridenbaugh  Canal 

Flume,  1  mile  below  head 

200  feet  below  head 

Lift  by  wheel 

Head  gate 

Rvau  flume 

Farmers  Union  Canal 

Farmers  Union  Canal 

Below  waste  srate 

'  Measurements  not  needed  and  not  used  in  computations. 
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Measurements  of  the  discharge  of  canals  in  Boise  Valley — Continued. 


Date. 

Name  of  stream. 

Locality  of  measurement. 

Discbarge. 

1898. 

Second-feet. 

Aug.   30 

Waste  slough 

2  miles  below  Soldiers'  Home. 

22.2 

Dry  Creek  Canal 

Rhodes's  ranch,  150  feet  below 
head. 

61.9 

Farmers  Union  Canal 

Waste,  Boise  Valley 

Saxon's  ranch 

3.0 
3.5 

Flume,  Saxon's  ranch  (Farm- 
ers Union). 

Boise  River 

Head  Eagle  Island 

247.0 
1.1 
0.5 
1.8 

Small  flume 

Ballentine  Canal 

Dry  Creek  waste 

Upper  Eagle  Island 

Patterson's  ranch 

At  bridge 

Cassidv  Canal 

Kendall's   ranch,  one-fourth 
mile  below  head. 

2.1 

Aug.  31 

Middleton  Canal 

200  feet  below  road 

88.0 
32.8 

Swallev  &  McDowell 

Near  head 

Middleton  Mill  slough 

Head  gate 

47.3 

Davis  &  Hart  ditch 

Catlin  &  Macey  ditch 

On  Eagle  Island 

11.0 

7.7 

On  Eagle  Island,  at  head 

Aitken  &.  Conway  ditches  .. 

On  Eagle  Island,  2  ditches. .. 

11.0 

Boise  River 

Star  Bridge 

180.0 

Middleton  Water  Co 

Slough,  Blessenger's  ranch. .. 

45.8 

Slousrh 

1  mile  east  of  Middleton 

1  mile  west  of  Middleton 

22.6 
10.3 

Willow  Creek  waste 

Sebree  Canal 

Boise  River 

100  feet  below  head 

93.7 
31.0 

300  feet  below  Caldwell  High- 
way Bridge. 

Sept.     1 

Riverside  Canal 

Caldwell  Highway  Bridge  . .. 
Lower  Road  Bridge 

30.4 
20.4 

Tenmile  Creek  waste 

Strahorn  Canal 

Head    of   slough,   Schindler 
ranch. 

28.2 

Waste  slough — Strahorn 

Eureka  Canal 

Schindler  ranch 

25.0 

Head  gate  near  head  of  Phyl- 
lis Canal. 

26.7 

Phvllis  Caual 

Head 

0.0 

Waste  into  Phvllis  Canal  . .. 

3.0 

McCartv  Canal 

Headgate,    one-fourth     mile 
below  R.  R.  bridge. 

58.5 

Davis  ditch 

One-fourth  mile  below  R.  R. 
bridge. 

14.5 

Lemn  Canal 

do 

59.3 

Sept.     2 

Electric-liffht  waste 

18.0 
63.3 
30.2 

Rossi  waste 

Ninth  Street  Bridere 

Electric- car-line  waste 

Main  Street  Bridge 
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Results  of  seepage  measurements  in  Boise  Valley. 


Name  of  stream. 

\V  ater  in 
river. 

Discharge 
of  canals. 

Waste  re- 
turning to 
river. 

U.  S.  G.  S.  srasrinf  station 

Second-feet. 
734 

Second-feet. 

Second-feet. 

RideiiLauirli  Caual  . 

309.0 

1.3 

8.7 

81.6 

6.8 

61.3 

39.0 

Ryan  flume 

Payne  Canal 

Peranlt  Canal 

Grove  street 

Rossi  Canal 

Front  street 

Cottonwood  Creek 

1.6 
63.3 
18.0 

Rossi  waste 

Electric  Lierht  Co 

Lemp  Canal 

59.3 
14.5 

58.5 

Davis  ditch 

McCartv  Canal 

Street  line 

30.2 

Farmers  Union  Canal 

38.8 

Waste  slousfli 

22.3 

Dry  Creek  Canal 

61.9 
3.0 
1.1 

Farmers  Union  Canal 

Small  flume.  Easrle  Island. 

Boise  River,  head  Eagle  Island 

247 

Boise  River  at  head  of  Eagle  Island 

487 

744.8 

135.4 

247 

Waste  from  Boise  Valley  Canal 

3.5 

Ballentine  Canal 

0.5 

Dry  Creek  waste  . , 

1.8 

Eagle  Island  ditches 

29.7 
2.1 

88.0 
47.3 
22.8 

Cassidy  Canal 

Middleton  Canal 

Middleton  Mill  slough 

S wallev  &  McDowell 

Waste  into  Phyllis 

3.0 

Phyllis 

0.0 
26.7 

Eureka 

Boise  River,  Star  Bridgre 

180 

Boise  River  at  Star  Bridge 

67 

217.1 

8.3 

180 

Strahorn  Canal 

28.2 
45.8 

Middleton  Water  Co 

Tenmile  Creek  waste 

20.4 
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Mesults  of  see;page  measurements  in  Boise  Valley — Continued. 


Kame  of  stream. 


Slougli  east  of  Middleton 

Willow  Creek,  west  of  Middleton 

Riverside  Canal 

Sebree  Canal 

Boise  River  at  Caldwell 


"Water  in 
river. 


Second-feet. 


31 


Discharge 
of  canals. 


Second-feet. 


30.4 
93.7 


149 


198.1 


"Waste  re- 
turning to 
river. 


Second-feet. 
22.6 
10.3 


53.3 


SUMMARY. 

Second-feet. 

Amount  taken  out  by  canals 1, 160.  00 

Amount  in  river  above  canals 734 

Amount  of  measured  return  waters 197 

Total 931 

Amount  in  river  at  Caldwell  station 31 

Difference 900.00 

Gain  by  seepage  in  34  miles 260.  00 

Gain  by  seepage  per  mile 7. 65 

WEISER   RIVER. 

Estimated  mo.ithly  discharge  of  Weiser  River  at  Weiser,  Idaho. 
[Drainage  area,  1,670  square  miles.] 


Month. 


1898. 

January 

February  .. 
March  13-31 

April 

May , 

June 

July 

August 

September  . 

October 

November .. 
December  . . 


The  year 


Discharge  in  second -feet. 


Maxi- 
mum. 


Mini- 
mum. 


1,340 

3,875 

2,670 

2,120 

720 

100 

90 

135 

230 

1,060 


120 

120 

1,440 

800 

100 

10 

25 

80 

135 

170 


Mean. 


a  150 

a  300 

665 

2,250 

1,888 

1,366 

344 

35 

42 

121 

156 

761 


673 


Total  in  acre- 
feet. 


a  9,  223 

a  16,  661 

40,  890 

133,  884 

116,  089 

81,  281 

21,152 

2,152 

2,499 

7,440 

9,283 

46,  792 


487,  346 


Run-off. 


Depth  in 
inches. 


a  0.10 
a  0.21 
0.46 
1.51 
1.30 
0.91 
0.24 
0.02 
0.03 
0.08 
0.10 
0.53 


Second - 

feet  per 

square 

mile. 


5.49 


a  0.09 
a  0. 18 
0.40 
1.35 
1.13 
0.82 
0.21 
0.02 
0.03 
0.07 
0.09 
0.46 


0.40 


a  Approximate. 

Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  28,  page  155; 
measurements,  page  162 ;  rating  table,  page  168 ;  results  for  1897,  in  "Water-Supply  and  Irrigation  Paper 
No.  16,  page  171,  and  in  the  Nineteenth  Annual  Report,  Part  lY,  pages  456, 457. 
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Sec.-ft. 

JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC.    1 
10  20    1 

26,  000 
24,  000 
22, 000 
20, 000 
18, 000 
16,  000 

— 

1 



14, 000 



— 

12,  000 

10,  000 

8,000 

* 

fi   000 

4,000 

2   000 

1 

i 

1 

■  ^ 

iJeh 

0 

y 

w 

ff 
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Fig.  190. — Discharge  of  "Weiser  River  at  Weiser,  Idaho,  1898. 


PALOUSE   RIVER. 

Estimated  monthly  discharge  of  Faloiise  River  at  Hooper,  Washington, 

[Drainage  area,  2,210  square  miles.] 


Month. 


1897. 
September  9-30. 

October  

November 

December 


1898. 

January 

February. .. 

March 

April 

May 

June 

July 

August 


September 
October ... 
November  . 
December  . 


The  year 


Discharge  in  second -feet. 


Maxi- 
mum. 


86 

67 

998 

2,813 


2,  4.50 

7,070 

3,275 

3,011 

1,  559 

735 

148 

55 

30 

73 

131 

205 


7,070 


Mini- 
mum. 


50 

50 

61 

271 


525 

620 

1,328 

1,856 

393 

148 

55 

20 

25 

30 

67 

55 


20 


Mean. 


64 

57 

357 

1,417 


1,038 

3,187 

2,138 

2,408 

733 

305 

100 

33 

30 

46 

83 

99 


850 


Total  in  acre- 

feet. 


3,808 

3,505 

21,  243 

87, 128 


63,  825 

176,  997 

131,  461 

143,  286 

45,  071 

18, 149 

6,149 

2,029 

1,785 

2,828 

4,939 

6,087 


602,  606 


Run-off. 


Depth  in 
inches. 


0.03 
0.03 
0.18 
0.74 


0.54 
1.50 
1.12 
1.22 
0.38 
0.16 
0.05 
0.02 
0.02 
0.02 
0.04 
0.05 


5.12 


Second- 
feet  per 
square 
mile. 


0.03 
0.03 
0.16 
0.64 


0.47 
1.44 
0.97 
1.09 
0.33 
0.14 
0.05 
0.02 
0.01 
0.02 
0.04 
0.05 


0.39 


Note.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  ^STo.  28,  page  162; 
measurements.page  168;  rating  table,  page  170;  results  for  1897,  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  172,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  458,  459. 
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Sec. -ft. 
12,  000 


1,000 


Fig.  191  .—Discharge  of  Palouse  River  at  Hooper,  Washington,  1897-98. 

MISSOULA    RIVER. 

Missoula  River,  one  of  the  most  important  streams  of  western  Mon- 
tana, is  usually  considered  as  being  formed  by  the  Blackfoot  and  Hell- 
gate  rivers.  The  town  of  Bonner  is  at  their  junction.  From  this  point 
the  river  flows  in  a  general  westerly  course  through  Missoula  Valley 
and  receives  from  the  south  Bitterroot  River,  a  view  of  which  is  given 
on  PI.  LIY,  B.  Missoula  Yalley  itself  is  shown  on  PI.  LIII,  B,  with 
the  river  winding  through  it.  In  the  center  is  the  city  of  Missoula 
and  the  Higgins  avenue  bridge,  crossing  an  island.  Measurements  are 
made  from  the  Il^orthern  Pacific  railroad  bridge,  one  quarter  of  a  mile 
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below  this  highway  bridge.  Bitterroot  Elver  comes  in  from  the  left, 
joinii)g  Missoula  River  beyond  the  point  of  the  mountain  in  the  fore- 
ground. The  river  beyond  the  junction  is  visible  in  the  far  distance. 
This  view,  taken  by  Prof.  M.  J.  Elrod,  is  from  an  altitude  of  4,500  feet, 
or  1,500  feet  above  the  level  of  the  river. 

Estimated  monthly  discharge  of  Missoula  River  at  Missoula,  Mot  'ana. 

[Drainage  area,  5,960  square  miles.] 


Month. 


1898. 
July  10-31-... 

August 

September  .  . , 

October 

November..  .. 
December  1-4. 


Discbarge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean, 

7,  300 

3,070 

1 
4,668 

2,970 

1,740 

2,120 

1,935 

1,680 

1,808 

2,000 

1,805 

1,841 

1,870 

1,620 

1,762 

1,680 

1,680 

1,680 

Total  in  acre- 
feet. 


Run-off. 


Depth  in 
inches. 


287,  026 
130,  355 
107,  583 
113, 199 
104,  846 
103,  300 


0.90 
0.41 
0.33 
0.36 
0.33 
0.32 


Second- 
feet  per 
square 
mile. 


0.78 
0.36 
0.30 
0.31 
0.30 
0.28 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  163; 
measurements,  page  169 ;  and  rating  table,  page  170. 

'  BLACKFOOT   RIVER. 

Blackfoot  Kiver  has  been  described  briefly  in  Water-Supply  and 
Irrigation  Paper  ^N'o.  28,  on  page  155.  Measurements  of  the  stream 
have  been  made  at  the  bridge  at  Bonner,  about  G  miles  east  of  Missoula. 
The  view  of  this  bridge  is  shown  on  PI.  LIII,  A, 

Estimated  monthly  discharge  of  Big  Blackfoot  River  at  Bonner,  Montana. 

[Drainage  area,  2,465  square  miles.] 


Month. 

• 

Discbarge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1898. 
July  7-31 

5,520 
1,613 
1,030 
1,185 
1,090 
1,185 

1,550 
975 

887 
837 
850 
850 

2,797 
1,190 
962 
968 
897 
939 

171,  982 
73, 171 
57,  243 
59,  520 
53,  375 
57,  737 

1.30 
0.55 
0.44 
0.45 
0.40 
0.44 

1.13 
0.48 
0.39 
0.39 
0.36 
0.38 

August 

September 

October 

November 

December  1-10 

INOTE.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  28,  page  163; 
measurements,  page  168;  and  rating  table,  page  170. 
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BITTERROOT   RIVER. 


Bitterroot  Kiver  flows  in  a  general  northerly  course  and  enters  Mis- 
soula Eiver  a  short  distance  below  its  head,  at  the  junction  of  Blackfoot 
and  Hellgate  rivers.    A  characteristic  view  of  the  valley  is  given  on 


Fig.  192.— Principal  streams  and  ditches  in  Bitterroot  Valley. 

PL  LIV,  A,  looking  easterly  from  Sear's  ranch.  In  the  foreground  is  a 
prune  orchard  and  in  the  middle  distance  the  town  of  Corvallis.  A 
view  of  the  river  itself,  below  the  bridge  at  Missoula  where  measure- 
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Ji.    BITTERROOr    RIVER    NEAR    MISSOULA,    MONTANA. 
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ments  were  made,  is  given  in  PI.  LI  V,  B.    The  following  facts  have  been 
taken  from  a  report  prepared  by  Mr.  H.  S.  Lord,  civil  engineer: 

This  river  receives  the  drainage  from  about  3,250  square  miles.  Of 
this  area  about  one-fourth  is  tillable,  and  much  of  this,  comprising  Bit- 
terroot  Valley,  is  already  cultivated.  Irrigation  is  carried  on  mainly 
by  use  of  the  water  of  the  tributaries  rather  than  that  obtained  from 
the  main  river.  The  most  notable  of  the  large  ditches  is  that  built  by 
Mr.  Marcus  Daly  to  carry  water  to  the  Bitterroot  Stock  Farm,  at  Ham- 
ilton. The  accompanying  'map,  fig.  192,  shows  the  location  of  the 
principal  ditches  taking  water  from  the  east  side  of  Bitterroot  Eiver 
in  the  vicinity  of  Hamilton,  Montana.  The  capacity  of  these  is  as 
follows : 

Capacity  of  ditches  near  Hamilton,  Montana, 


Name  of  ditch. 


Skalkaho... 
Upper  Gird. 
Lower  Gird 

Ward 

Hedge  

Republican. 
Surprise 


Name  of  stream. 


Skalkaho  Creek 

Gird  Creek 

do 

Skalkaho  Creek 

Skalkaho  Creek  and  Bitterroot  River 

Bitterroot  River 

do 


Capacity. 


Second-feet. 
55 
15 
10 
80 
140 
130 
50 


Ward  ditch  is  used  only  in  high  water,  as  the  water  carried  by  it  is 
to  be  taken  by  the  Skalkaho  ditch.  In  addition  to  the  above-named 
ditches  the  Hamilton  Flour  Mill  Company  has  a  flume  for  supplying 
power,  taking  90  second-feet  of  water.  The  Surprise  ditch  now  receives 
its  supply  of  50  second-feet  from  this  source.  It  is  proposed  to  catch 
all  waste  waters  in  the  ditches,  especially  Hedge  ditch,  and  extend 
these  north  until  sufficient  land  is  covered  to  require  all  the  supply 
available  during  low  water,  this  quantity  being  about  as  follows:  Skal- 
kaho ditch,  55  second-feet;  Lower  Gird,  5  second-feet;  Ward,  unknown ; 
Hedge  ditch,  140  second-feet;  Republican  ditch,  125  second-feet;  Sur- 
prise ditch,  5  second-feet.  The  duty  of  water  in  this  district  is  low  on 
account  of  the  fact  that  the  bench  lands  are  underlain  with  gravel.  On 
the  accompanying  map  the  heavy  line  indicates  the  boundary  of  the 
Bitterroot  Stock  Farm.  The  greater  part  of  the  lands  under  these 
various  ditches  is  cultivated,  the  principal  crops  being  hay  and  small 
grains.     There  are  also  extensive  apple  orchards. 

A  portion  of  Bitterroot  Valley  and  of  the  mountains  to  the  west 
embraced  in  the  Bitterroot  Forest  Reserve  has  been  mapped,  the  area 
being  shown  on  the  Hamilton,  Montana,  atlas  sheet.  The  field  work 
was  carried  on  by  E.  C.  Barnard,  topographer,  from  whom  the  following 
facts  have  been  obtained: 

Irrigation  is  necessary  in  the  part  of  Bitterroot  Valley  shown  on  the 
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Hamilton  sheet,  the  supply  of  water  coming  from  Bitterroot  Eiver  and 
more  largely  from  streams  heading  in  the  high  Bitterroot  range  west 
of  the  valley.  The  streams  coming  into  the  valley  from  the  east  carry 
little  water,  as  they  head  in  a  comparatively  low  country  and  have  but 
a  small  discharge  during  the  summer  months.  Such  is  not  the  case, 
however,  with  the  streams  coming  in  from  the  west;  while  they  are  of  no 
considerable  length,  they  all  head  in  high  mountains,  receiving  water 
from  uumerous  lakes  fed  by  the  meltiug  snow.  The  snow  banks  remain 
throughout  the  year,  being  in  many  places  at  altitudes  of  over  7,000 
feet  above  sea  level,  and  in  some  cases  as  high  as  10,000  feet. 

The  large  irrigation  ditch  above  noted,  taken  out  of  the  Bitterroot 
River  on  the  east  side,  just  above  the  mouth  of  Lost  Horse  Creek,  and 
having  Skalkaho  Creek  as  a  feeder,  covers  a  considerable  area  ou  the 
east  side  of  the  valley  in  the  vicinity  of  Hamilton.  On  the  west  side 
of  the  river  numerous  farms  are  irrigated  by  ditches  leading  directly 
from  the  most  accessible  of  the  small  creeks  coming  from  the  high 
mountains,  the  character  of  which  is  shown  on  PI.  LY,  A,  This  is  a 
view  of  Mill  Creek  Canyon  looking  west,  showing  a  remarkably  straight 
and  narrow  valley,  similar  to  a  number  of  others  in  this  range.  The 
timber  on  the  south  slope  is  heavy.  The  elevation  of  the  peak  in  the 
distance  is  8,958  feet  above  sea  level.  The  drainage  from  these  slopes 
is  relatively  large,  but  as  the  area  under  cultivation  has  increased,  the 
farmers  have  found  the  water  from  some  of  the  more  used  streams  has 
been  insufficient  during  the  months  of  July  and  August.  Accordingly 
they  have  cut  down  the  outlets  of  some  of  the  lakes  at  the  head  of 
these  streams.  By  providing  simple  devices  for  regulating  the  flow 
they  are  enabled  to  store  water  for  the  time  of  year  when  most  needed. 
This  has  been  done  in  a  small  way  with  lakes  at  the  heads  of  Canyon, 
Bear,  and  Big  creeks. 

An  additional  supply  of  water  during  the  dry  season  could  be  had  by 
utilizing  Lake  Como  (shown  on  PI.  LY,  B).  This  is  about  1  mile  long 
and  one-half  mile  wide,  and  is  near  the  mouth  of  Rock  Creek.  A  dam  10 
or  15  feet  high  would  almost  double  the  holding  capacity  of  this  lake, 
making  a  reservoir  2  miles  long  and  one-half  mile  wide,  with  an  average 
depth  of  possibly  20  feet.  Rock  Creek  has  a  relatively  large  drainage 
basin  with  nearly  equal  forks,  in  the  heads  of  which  are  numerous  lakes 
fed  from  melting  ice.  Other  lakes  in  the  mountains  are  noteworthy  in 
any  discussion  of  the  resources  of  the  country.  On  North  Fork  is  Elk 
Lake,  one-half  mile  long  and  one-fourth  of  a  mile  in  width,  the  capacity 
of  which  could  be  considerably  increased  by  the  construction  of  a  dam 
at  its  mouth.  On  South  Fork  of  Lost  Horse  Creek  is  Fish  Lake,  three- 
fourths  of  a  mile  long  by  one-fourth  of  a  mile  in  width,  which  could  be 
utilized  as  a  storage  reservoir,  but  it  is  doubtful  whether  its  capacity 
can  be  materially  increased.  As  yet  nothing  has  been  done  in  the  way 
of  attempting  to  utilize  water  from  this  stream  except  by  a  small  ditch. 
Crude  dams  have  been  built  at  the  outlet  of  the  small  lakes  at  the  heads 
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of  Canyon,  Bear,  and  Blodgett  creeks,  enabling  the  farmers  who  depend 
upon  irrigation  from  these  streams  to  conserve  a  sufiBcient  su^iply  of 
water  until  the  time  of  most  need.  The  natural  channel  of  the  stream 
is  used,  the  ditches  being  taken  out  at  a  point  near  the  valley.  At  the 
head  of  Bear  Creek  is  Big  Lake,  2  miles  long  by  one-fourth  of  a  mile 
wide.  A  low,  crude  dam  has  already  beien  built,  but  the  storage  capacity 
might  be  very  much  increased  if  necessity  for  water  should  arise. 
Some  of  the  small  lakes  near  the  head  of  Camas  Creek  could  also  be 
used  for  additional  storage. 

Estimated  monthly  discharge  of  Bitterroot  River  at  Missoula,  Montana. 

[Drainage  area,  3,260  square  miles.] 


Month. 

Discbarge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1898. 

July  6-31 

August 

September 

October 

November 

7,930 
1,930 
1,190 
1,325 

1,278 
1,730 

2,000 
950 
875 
1,025 
1,075 
1,000 

4,148 
1,  201 
1,021 
1,149 
1,154 
1,137 

255,  052 
73,  847 
60,  754 
70,  650 

68,  668 

69,  912 

1.46 
0.43 
0.35 
0.40 
0.39 
0.40 

1.27 
0.37 
0.31 
0.35 
0.35 
0.35 

December  1-10 

Note. — Gage  heights  for  1898  are  given  in  Water- Supply  and  Irrigation  Paper  No.  28,  page  163; 
measurements,  page  168 ;  and  rating  table,  page  170. 


LAKE  CHELAN.  •    . 

Lake  Chelan,  shown  in  lig.  193,  is  in  western  Washington,  on  the 
east  side  of  the  Cascade  Mountains,  from  which  it  receives  a  large 
water  supply.  The  lake  is  uotable  for  its  great  depth,  probably  over 
1,400  feet,  and  for  the  clearness  of  its  waters,  as  well  as  for  the  beauty 
of  the  scenery.  High  mountains  seem  to  rise  directly  from  the  lake 
with  almost  vertical  walls.  Near  the  foot  or  south  end  of  the  lake  are 
low  foothills,  and  good  soil,  where  agriculture  to  a  small  extent  is 
already  practiced.  Fruit  is  successfully  raised,  as  well  as  the  ordinary 
farm  products.  The  country  around  the  lake  has  been  surveyed  in 
part,  the  results  being  shown  on  the  Waterville  and  Methow  topo- 
graphic atlas  sheets.  The  lake  is  open  for  navigation  throughout  the 
year;  4  small  steamers  are  now  plying  its  waters.  The  fluctuations  of 
height  are  observed  by  Capt.  Charles  Johnson  at  a  point  near  the 
outlet.  Lakeside  station  on  Lake  Chelan  is  described  in  Water- Supply 
and  Irrigation  Paper  No.  28,  page  157,  and  gage  heights  for  1898  are 
given  on  page  164. 
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Fig.  193. — Drainage  basin  of  Lake  Chelan,  "Wash. 


YAKIMA  RIVER. 


PRECIPITATION   IN   THE   BASIN    OF   YAKIMA  RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
Yakima  River  are  at  Lakeside,  Water ville,  Ellensburg,  North  Yakima, 
Fort  Simcoe,  Keunewick,  and  Lyle.  The  relative  location  of  these 
points  is  shown  on  fig.  104,  in  connection  with  the  points  of  river  meas- 
urements which  are  at  North  Yakima,  Union  Gap,  and  Kiona. 

The  following  table  gives  the  names  and  locations  of  the  stations, 
the  elevations,  and  the  number  of  years  during  which  observations 
have  been  made:  or  rather,  the  number  of  complete  monthly  observa 
tions  used  in  computing  the  normals. 
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Fig.  194. — Kelative  location  of  river  and  rainfall  observations  in  basin  of  Yakima  River. 


Location  of  rainfall  stations. 


Station. 


Lakeside 

Waterville 

Ellensburg 

North  Yakima 
Fort  Simcoe  .. 

Kennewick 

Lvle 


County. 


Okanogan. 
Douglas. .. 
Kittitas.  -. 
Yakima  .  . . 

do  .... 

do  .... 

Klickitat.. 


State. 


Washington. 


.do 
.do 
.do 
do 
.do 
.do 


Latitude. 

Longi- 
tude. 

Eleva- 
tion. 

0       ; 

47  48 

0        , 

120  5 

985 

47  38 

120  7 

2,500 

47 

117  32 

1,500 

46  40 

120  30 

1,000 

46  30 

120  40 

46  12 

119  8 

350 

45  43 

121  19 

600 

Length  of 
record. 


4-7 

7-8 

7-9 

5-7 

9-11 

3-4 

5-6 


20  aEOL,  PT  4- 


-32 
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lu  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation,  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation  by  months  for 
the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 

Bainfall  at  stations  in  drainage  basin  of  Yakima  River. 

LAKESIDE. 


Year. 


1896.... 
1897.... 
1898.... 


Jan. 

Feb. 

Mar. 
0.84 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.99 

0.90 

0.85 

1.65 

0.71 

0.26 

0.16 

0.80 

0.67 

2.88 

2.54 

2.50 

0.18 

0.70 

1.33 

1.80 

0.09 

0.01 

0.67 

0.64 

1.00 

3.00 

1.78 

1.98 

2.80 

0.81 

0.54 

1.30 

1.25 

0.88 

0.15 

0.11 

0.74 

2.93 

3.37 

0.30 

1.59 

0.08 

T. 

0.91 

1.54 

T. 

1.03 

0.22 

0.03 

0.92 

1.35 

Annual. 


14.25 

13.70 

16.86 

7.97 


WATERVILLE. 


Normal 
1896 

1897 

1898 


1.84 

1.22 

1.06 

1.31 

1.96 

0.91 

0.24 

0.33 

0.45 

0.64 

1.54 

2.33 

2.75 

0.00 

0.70 

2.61 

2.16 

0.39 

0.00 

0.85 

0.89 

0.81 

3.10 

2.82 

2.94 

2.70 

1.60 

0.50 

1.11 

0.58 

0.85 

0.04 

0.44 

0.96 

2.85 

4.08 

0.10 

1.42 

0.10 

0.06 

0.68 

1.50 

0.06 

0.91 

0.83 

T. 

1.55 

1.00 

13.  83 

17.08 

18.65 

8.21 


Normal 
1896.... 
1897.... 
1898.... 


ELLENSBURG. 


1.36 

0,86 

0.46 

0.77 

0.84 

0.35 

0.25 

0.02 

0.47 

0.45 

1.67 

1.78 

1.89 

0.58 

0.71 

0.94 

1.26 

0.17 

0.00 

(0. 02) 

0.63 

0.22 

3.45 

1.36 

1.62 

1.93 

0.15 

0.08 

0.42 

0.80 

0.17 

T. 

0.19 

0.47 

3.92 

2.93 

0.36 

0.47 

0.12 

0.03 

0.12 

0.73 

0.05 

0.29 

0.22 

0.22 

0.56 

0.54 

9.08 
11.23 
12.68 

3.71 


NORTH  YAKIMA. 


Normal . 

1896 

1897 

1898 


1.61 

0.85 

0.63 

0.60 

0.90 

0.36 

0.09 

0.07 

0.25 

0.41 

1.25 

1.36 

0.46 

0.27 

0.11 

0.29 

1.09 

0.07 

T. 

0.40 

0.26 

0.10 

1.61 

1.14 

0.89 

0.85 

0.'25 

0.03 

0.26 

0.68 

0.13 

0.05 

0.43 

0.47 

3.11 

2.07 

8.38 
5.80 
9.22 


FORT  SIMCOE. 


Normal 

1896.... 

1897 

1898 

Normal 
1896.... 

1897.... 
1898.... 


2.54 

1.86 

1.11 

0.45 

0.69 

0.30 

0.11 

0.17 

0.39 

0.68 

2.15 

2.62 

3.12 

1.43 

1.24 

0.80 

1.14 

0.17 

0.00 

0.54 

0.12 

0.03 

6.89 

2.30 

0,78 

1,46 

0.69 

0.09 

0.32 

1.15 

T. 

0.00 

0.48 

1.39 

5.47 

4.75 

0.40 

1.54 

T. 

0.02 

0.18 

0.35 

0.00 

0.26 

0.48 

T. 

1.49 

1.50 

13.07 

17.78 

16,88 

6.22 


KENNEWICK. 


1.00 

0.39 

0.32 

0.41 

0.46 

0.30 

0.16 

0.05 

0.54 

0.22 

1.68 

1.09 

0,35 

0.05 

0.41 

0.49 

0.53 

0.05 

0.00 

0.05 

0.70 

0.24 

1.50 

1.50 

1.30 

1.00 

0.30 

0.11 

0.55 

0.50 

0.63 

0.07 

0.54 

0.12 

3.38 

1.21 

0.73 

0.52 

0.14 

0.21 

0,37 

0.34 

0.00 

0.15 

0.05 

0.10 

0.74 

0.23 

6.62 

5.87 
9.71 
3.58 
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Rainfall  at  stations  in  drainage  basin  of  Yakima  River — Continued. 

LYLE. 


Tear. 


Nofmal 
1896 

1897.... 
1808.... 

Normal 
1896.... 
1897.... 
1898.... 


Jan. 

Feb. 

Mar. 

4.35 

3.12 

3.73 

4.42 

2.23 

2.65 

2.16 

4.97 

3.61 

1.89 

2.69 

0.78 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.41 

1.34 

0.79 

0.24 

0.17 

1.25 

2.11 

4.68 

5.87 

2.09 

1.90 

0.23 

T. 

0.62 

0.64 

1.12 

9.95 

4.59 

0.50 

0.52 

0.89 

0.28 

0.10 

0.92 

0.57 

6.34 

7.82 

0.33 

0.26 

1.03 

0.25 

0.01 

1.95 

0.54 

4.34 

2.16 

Annual, 


29.06 
30.  44 
28.68 
16.23 


AVERAGES. 


2.10 

1.31 

1.16 

0.83 

1.12 

0.53 

0.19 

0.14 

0.59 

0.74 

2.26 

2.51 

2.21 

0.68 

0.93 

1.22 

1.41 

0.17 

0.00 

0.45 

0.55 

0.50 

4.21 

2.21 

1.67 

2.24 

1.06 

0.26 

0.64 

0.84 

1.42 

0.06 

0.44 

0.67 

4.00 

3.75 

0.44 

1.01 

0.10 

0.09 

0.44 

0.80 

0.02 

0.47 

0.31 

0.08 

1.00 

0.81 

13.48 
14.54 
16.05 

5.57 


Run-off,  in  inches,  from  Yakima  drainage  basin. 
YAKIMA,  AT  SELAH. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1896 

1897 

1.97 

2.29 

1.21 

0.32 

0.40 

0.17 

2.26 

1.59 

1898 

I 

• 

NACHES,  AT  NORTH  YAKIMA. 

1896 

0.98 
0.32 
0.68 

0.47 
0.40 
0.40 

0.41 
0.17 
0.52 

1.91 
2.26 
0.57 

2.24 
1.59 
0.67 

24.89 

1897 

1.97 
5.98 

2.29 
5.02 

3.66 

1.21 
2.08 

1898 

(0. 58) 
(0. 58) 

(3.12) 

1.74 

3.53 

Average . 

(3. 12) 

1.74 

3.53 

3.98 

1.65 

0.66 

0.42 

0.37 

1.58 

1.50 

22.  79 

YAKIMA,  AT  UNION  GAP. 

1896 

0.58 
0.40 
0.47 

0.36 
0.27 
0.29 

0.30 
0.28 
0.45 

2.58 
1.79 
0.57 

1.80 
1.38 
0.69 

20.76 
18.56 

1897 

0.74 
1.18 

0.95 
2.14 

0.86 
1.59 

5.07 
2.33 

5.47 
4.33 

2.40 
3.21 

2.81 

...... 

1.15 
1.21 

1898 

Average . 

0.96 

1.85 

1.23 

3.70 

4.90 

1.18 

0.48 

0.31 

0.34 

1.68 

1.29 

20.73 

YAKIMA,  AT  KIONA. 

1896 

0.33 
0.23 
0.28 

"0.20 
0.17 
0.14 

0.17 
0.16 
0.26 

1.39 
1.11 
0.39 

2.01 
1.14 
0.39 



13.90 

12. 45 

1897 

1.01 
0.95 

0.79 
1.61 

0.72 
1.15 

2.78 
1.60 

3.46 
2.85 

1.58 
2.12 

0.75 
0.71 

1898 

Average . 

0.98 

1.20 

0.94 

2.19 

3.16 

1.85 

0.73 

0.28 

0.17 

0.20 

0.96 

1.18 

13.84 

500 
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Rainfall  and  run-off,  basin  of 

Yakima  River. 

Station . 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Lakeside 

14.25 
13.83 

9.28 
8.38 

13.07 
6.62 

29.06 

13.70 
17.08 
11.23 

5.80 
17.78 

5.87 
30.44 

16.86 
18.65 
12.  68 

9.22 
16.88 

9.71 
28.68 

7.97 
8.21 
3.71 

Water ville    ...... 

Ellensbnrg 

North  Yakima   

Fort  Simcoe 

6.22 

3.58 

16.23 

Kennewick 

Lvle 

<7           ••.•-•   ......   .  —  ... 

Averaare 

13.50 

14.56 

16.10 

7.65 

RUN-OFF. 

North  Yakima • 

22.79 
20.73 
13.84 

19. 12 

24.89 
18.56 
12.45 

Union  Gap 

Kioua 

20.76 
13.90 

Avera  j^e 

17.33 

18. 63 

In  the  above  table  it  will  be  noted  that  the  average  run-off*  exceeds 
the  average  measured  rainfall.  This  arises  from  the  fact  that  the 
amount  of  precipitation  has  been  measured  at  ])oints  relatively  low, 
and  in  sheltered  valleys,  while  the  run-oft'  has  come  from  the  higher 
slopes,  where  there  is  probably  a  heavy  fall  of  snow  during  the  winter. 
The  following  tables  give  the  details  of  the  discharge  measiyements 
for  the  year  1898 : 

Estimated  monthly  discharge  of  Yakima  River  at  Union  Gap,  Washington. 

[Drainage  area,  3,300  square  miles.] 


Month. 


1898. 
January  -  - 
February  . 

March 

April 

May 

June 

July 


Discharge  in  second-feet. 

Maxi- 
mnm. 

Mini- 
mum. 

Mean. 

8,270 
22,  246 

1,894 
1,775 

3,350 

6,  804  \ 

Total  in  acre- 
feet. 


llun-oft". 


Depth  in 
inches. 


August. 


September 
October  . . . 
November. 
December  . 


The  year 


6,969 
) 

': 

>, 

h 
) 

2,644 
10,  059 


12,  446 

3,000 

18,  500 

8,  270 

15,  091 

5,250 

5,250 

2,170 

2,170 

885 

985 

685 

1,  775 

685 

22,  246 


2,818 

3,000 

8,  270 

5,250 

2,170 

885 

685 

685 

1,315 

985 


685 


4,  538 
6,901 
12,  388 
9,514 
3,480 
1,364 
855 
1,300 
1,971 
1,988 


205,  985 

377,  875 

279,  033 

410,  637 

761,  713 

566, 121 

213,  978 

83,  870 

50,  876 

79,  934 

117,  282 

122,  238 


18 
14 
59 
33 
33 
21 
1.21 
0.47 
0.29 
0.45 
0.57 
0.69 


Second- 
feet  i)er 
square 
mile. 


1.02 
2.06 


38 
09 
75 
88 
05 


4,538  f     3,269,542 


18.56 


0.41 
0.26 
0.39 
0.60 
0.60 


1.37 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  165 
measurements,  page  169 ;  rating  table,  page  170 ;  results  for  1897,  in  AYater-Supply  and  Irrigation  Paper 
No.  16,  page  175,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page,  479  to  481. 
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Fig.  195.— Discharge  of  Yakima  Eiver  at  rnion  Gap,  Washington,  1897-98. 

Yakima  River  lias  been  measured  at  two  points,  namely,  at  Union 
Gap,  below  the  town  of  Yakima,  and  at  a  place  below  this,  in  its  lower 
course  at  Kiona.  These  measurements,  as  well  as  others  in  this  part 
of  Washington,  have  been  made  by  Mr.  Sydney  Arnold.  The  flow  of 
the  principal  tributary  of  Yakima  Eiver,  the  Caches,  has  also  been 
ascertained  at  a  point  near  its  mouth,  above  JS^orth  Yakima,  as  shown 
by  the  figures  on  page  503. 
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Estimated  monthly  discharge  of  Yakima  River  at  Kiona,   Washington. 

[Drainage  area,  5,230  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

Januarj^ 

February  

Marcli 

April , 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


12,  487 

21,  786 

7,275 

12,  936 

18,  336 

14,  736 

5,190 

1,878 

846 

1,650 

2,  383 

7,998 


Mini- 
mum. 


1,762 

1,998 

3,120 

3,120 

9,402 

5,498 

1,938 

780 

612 

916 

1,156 

813 


Mean. 


Total  in  acre- 
feet. 


Run-oft. 


21,  786 


612 


4,323 
8,099 
5,202 
7,457 
12,  898 
9,970 
3,236 
1,242 
695 
1,191 
1,841 
1,786 


4,828 


265,  813 

449,  796 

319,  861 

443;  724 

793,  072 

593,  255 

198,  975 

76,  368 

41,  355 

73,  232 

109,  547 

109,818 


Depth  in 
inches. 


3,  474,  816 


0.95 
1.61 
1.15 
1.60 
2.85 
2.12 
0.71 
0.28 
0.14 
0.26 
0.39 
0.39 


Second - 

feet  per 

square 

mile. 


12.45 


0.83 
1.55 
1.00 
1.43 
2.47 
1*.91 
0.62 
0.24 
0.13 
0.23 
0.35 
0.34 


0.93 


NoTE.-Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  1G5- 
measurements,  page  169;  rating  tahle,  page  170;  results  for  1897,  in  Water-Supply  and  Irrigation 
Paper  No.  IC,  page  176,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  482  to  486. 
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Fig.  196.— Discharge  of  Yakima  River  at  Kiona,  Washington,  1898. 
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NACHES   RIVER. 

Eaiimated  monthly  discharge  of  Naches  River  at  North  Yakima,  Washington. 

[Drainage  area,  1,000  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January  

February  

March  

April 5,800 

May I     7,  480 

June , i     6,640 


2,131 


July 


August. 


September 

October  

November. 
December . 


The  year 


2,867 

1,019 

607 

811 

709 

2,867 


7,480 


Mini- 
mum. 


913 

1,019 

4,120 

2,484 

1,019 

385 

325 

325 

385 

225 


225 


Mean. 


a  500 

a  3,  000 

1,507 

3,159 

5,186 

4,500 

1,798 

594 

362 

445 

510 

580 


1,845 


Total  in  acre- 
feet. 


a  30,  744 

a  166,  612 

92,  662 

187,  973 

318, 877 

267,  768 

110,  555 

36,  524 

21,  540 

27,  362 

30,347 

35,  663 

1,  .326,  627 


Run-off. 


Depth  in 
inches. 


a  0.58 
a3.12 
1.74 
3.53 
5.98 
5.02 
2.08 
0.68 
0.40 
0.52 
0.57 
0.67 


24.89 


Second- 
feet  per 
square 
mile. 


a  0.50 
a  3.  00 
1.51 
3.16 
5.19 
4.  .50 
1.80 
0.59 
0.36 
0.45 
0.51 
0.58 


1.85 


a  Approximate. 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  164,  and 
rating  table  on  page  170. 
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FiQ.  197.— Discharge  of  Naches  River  at  North  Yakima,  "Washington,  1898. 
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WENAS  CREEK. 

Weuas  Greek  receives  the  drainage  from  an  area  south  of  the  head 
waters  of  Yakima  Eiver  and  east  of  those  of  Caches  Eiver,  being  cut 
off  from  the  high  mountains  by  the  smaller  tributaries  of  these  streams. 
It  flows  in  a  general  southeasterly  course  and  enters  Yakima  River 
about  10  miles  above  the  town  of  North  Yakima.  Irrigation  has  been 
developed  to  a  considerable  extent  along  the  stream  and  a  number  of 
ditches  have  been  built,  effecting  a  complete  diversion  of  water  during 
dry  seasons,  so  that,  as  a  result,  at  the  end  of  1898  lawsuits  were  pend- 
ing in  regard  to  the  distribution  of  water.  In  the  summer  season  this 
creek  becomes  dry  at  points  below  section  13,  T.  15  N.,  R.  17  E.  The 
following  list  gives  the  names  of  the  ditches  taken  out  above  this 
point,  together  with  the  amount  of  water  found  to  be  flowing  on  July 
2Q,  1898,  and  an  approximate  estimate  of  the  capacity  of  the  ditches, 
these  measurements  having  been  made  by  Mr.  Sydney  Arnold : 

Flow  mid  estimated  capacity  of  ditches  receiving  ivaier  from  Wenas  Creek,  July  26,  189S. 


No.  of 

mea-sure- 

ment. 


2 

3 

4 

5 

5a 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


Locality. 


Quimi  ditch,  NE.  I  of  SE.  i  of  sec.  13,  T.  15 
N.,  R.  17  E 

Wenas  Creek  at  crossing  of  county  road,  SE. 
corner  of  sec.  13 

Wenas  Creek  at  forks,  NE.  I  sec.  13,  T.  15 
N.,  R.  17  E.,  on  Mrs.  Chambers's  ranch 

Mrs.     Chambers's   ditch    (Wenas   west    fork 
stopped  by  dam) 

Mrs.    Chambers's    ditch    (Wenas   west  fork 
stopped  by  dam) 

''Tom  Taylor's"  ditch,  stopped  by  dam 

New  "R.  Smith,"'  SW.  i  sec.  12,  T.  15 N,  R.  17E. 

Old  "  R.  Smith,"  NE.  i  sec.  24,  T.  15  N,  R.  17  E . 

Mrs.  Chambers,  SW.  i  sec.  12,  T.  15  N,  R.  17  E. 

D.  N.  Pollard,  sec.  12,  T.  15  N,  R.  17  E 

S.  Longmire,  sec.  12,  T.  15  N,  R.  17  E 

Kiser,  sec.  11,  T.  15  N,  R.  17  E 

Riser,  sec.  2.  T.  15  N,  R.  17  E 

Sherman,  sec.  3,  T.  15  N,  R.  17  E 

Sherman,  sec.  3,  T.  15  N,  R.  17  E 

Justus  (right  bank),  sec  33,  T.  16  N,  R.  17  E  .. 

Wenas  Creek,  middle  of  sec.  33,  T.  16  N. ,  R.  17  E 

Justus  (left  bank),  sec.  33,  T.  16  N,  R.  17  E. . .. 

Milton  Burge,  sec.  29,  T.  16  N,  R.  17  E 

Milton  Burge,  sec.  29,  T.  16  N,  R.  17  E 

Goodwin,  sec.  29,  T.  16  N,  R.  17  E 


Cubic 
feot  per 
secoud. 


0.83 


Estimated 

capaKsitv  of 

ditch. 


2.5 


Dry. 

0.81 

Dry. 

5.  0  to  7.  0 

Dry. 

6.0 

Dry. 

2.5 

0.826 

2.5 

Dry. 

2.5 

0.110 

0.35 

1.28 

4.0 

0.837 

2.0 

0.623 

2.0 

0.38 

2.0 

0.188 

0.5 

3.62 

7.0 

3.80 

0.45 

2.0 

0.465 

1.25 

0.78 

2.0 

Dry. 

0.40 
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Flow  and  estimated   capacity  of  ditches  receiving   water  from    JVenas  Creek,  July  26, 

1S98— Continued. 


No.  of 
measure- 
ment. 

Locality. 

Cubic 
feet  per 
secoud. 

Estimated 

capjicity  of 

ditch. 

18 

19 

20 

21 

22 

23 

24 

25 

26 

28 

29 

Goodwin,  sec.  30,  T.  16  N.,  R.  17  E 

Dry. 
Dry. 
Dry. 

0.872 

0.40 

0.70 

1.00 

4.0 
• 
1.  5  to  2.  0 

0.75 

?.5 

0.75 

4.0 

0.45 

0.50 

Burge  ifc  Pressey,  sec.  30,  T.  16  N.,  R.  17  E 

F.  Candle,  sec.  24,  T.  16  N.,  R.  16  E 

Longmire  &  Moore,  sees.  13  and  24,  T.  16  N., 
R.  16  E 

W.  W.  Dickinson,  sec.  14,  T.  16  X.,  R.  16  E 

Jack,  sees.  11  and  14,  T.  16  N.,  R.  16  E 

0.36 
0.42 
1.2 

Jack,  sees.  11  and  14,  T.  16  N. ,  R.  16  E 

Rd.  Sisk,  sees.  11  and  14,  T.  16  N.,  R.  16  E 

Purdin  Company  ditch,  sec.  24,  T.  15  N.,  R.  17  E. 
R.  Smith,  sec.  24,  T.  15  N.,  R.  17  E 

0.27 
Dry. 
Dry. 
Dry. 

R.  Smith,  sec.  24,  T.  15  N.,  R.  17  E 

RESERVOIR    SITES   IN   YAKIMA   COUNTY. 

In  the  Nineteenth  Annual  J\ei)ort,  Part  IV,  on  page  403,  is  given  a 
description  of  the  irrigation  enterprises  in  the  vicinity  of  North  Yakima, 
Washington.  The  hirgest  sources  of  water  supply  are  the  Naches  and 
Yakima  rivers.  In  three  other  basins,  those  of  the  Atanum,  Cowiche, 
and  Wenas  creeks,  irrigation  is  extensively  practiced.  These  creeks 
do  not  drain  the  main  Cascade  Eauge,  being  cut  oft'  by  the  headwaters 
of  the  Klickitat  and  Naches  rivers,  as  shown  in  fig.  105  of  the  Nine- 
teenth Annual  Report,  Part  lY.  The  snowfall  in  these  lower  ridges  is 
comparatively  light,  and  as  a  result  the  How  of  the  streams,  especially 
in  the  summer  season,  is  low.  In  none  of  the  three  basins  above  men- 
tioned is  there  sufficient  water  to  serve  the  ranchers  below,  especially 
in  the  Atanum,  and  as  a  consequence  a  number  of  lawsuits  have 
arisen.  It  would  be  a  great  benefit  if  suitable  reservoir  sites  could  be 
discovered  in  any  of  the  three  basins.  In  September,  1898,  Mr.  Cyrus 
C.  Babb,  assisted  by  Mr.  Sydney  Arnold,  made  an  investigation  for  the 
puri)ose,  but  with  disappointing  results.  Mr.  Babb  made  a  thorough 
reconnaissance  of  the  Atanum  Basin,  following  up  the  various  forks  of 
the  creek,  and  traveling  around  the  divide.  Two  so-called  sites,  as 
reported  by  settlers  in  the  basin,  were  examined,  but  found  to  be  small 
and  not  available.  The  grades  in  both  were  from  300  to  400  feet  to  the 
mile. 

The  next  basin  examined  by  Mr.  Babb  was  that  of  the  Wenas,  the 
field  work  being  begun  early  in  October,  1898.  A  site  about  20  miles 
from  North  Yakima  was  discovered  and  a  plane-table  survey  made  of 
it.  The  result  was  also  disappointing,  as  the  entire  area  is  comprised 
within  a  ranch — that  of  Mr.  A.  L.  Sherman — no  part  being  on  Govern- 
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ment  land.  The  survey  was  made  for  a  height  of  dam  of  80  feet,  the 
length  at  this  elevation  being  320  feet.  The  capacity  is  shown  in  the 
following  table  as  4,450  acre-feet: 

Capacity  of  Wenas  Creek  reservoir  site  on  A.  L.  Sherman's  ranch. 


Contour. 

Area. 

Capacity. 

Total 
capacity. 

Feet. 

Acres. 

Acre-feet. 

Acre-feet. 

0 

.1 

1 

1 

10 

3.9 

20 

21 

20 

16.0 

100 

121 

30 

38.3 

271 

392 

40 

56.1 

472 

864 

50 

74.2 

653 

1,517 

60 

88.4 

812 

2,329 

70 

106.0 

972 

3,  301 

80 

123.6 

1,149 

4,450 
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Fig.  198. — Reservoir  site,  Wenas  Creek,  Yakima  County,  Washington. 

Cyrus  C.  Babb  and  Sydney  Arnold. 


Surveyed  October,  1898,  by 


A  natural  spillway  occurs  for  this  elevation,  as  shown  on  the  map, 
fig.  198.  The  elevation  of  the  lowest  point  is  67  feet.  If  the  reservoir 
is  to  be  constructed,  this  saddle  should  be  paved  to  an  elevation  of  70 
feet,  and  then  the  main  dam  should  be  carried  10  feet  higher,  or  to  a 
total  height  of  80  feet.  The  capacity  at  the  water  line  of  70  feet  is 
3,301  acre-feet. 

A  trip  was  also  made  in  October,  1898,  up  the  Oowiche,  but  no  avail- 
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able  sites  were  discovered,  although  many  of  the  ranchers  along  the 
creek  were  questioned  in  regard  to  sites.  One  possible  site  was  ex- 
amined about  10  miles  above  the  junction  of  the  North  and  South 
forks.  It  is  on  Mr.  Grant's  ranch,  at  the  union  of  the  two  main  forks 
of  the  South  Fork  of  Cowiche  Creek.  A  few  levels  were  taken  and  it 
was  learned  that  a  survey  of  this  site  was  made  about  the  year  1891. 
This  was  for  a  proposed  height  of  dam  of  92  feet,  but  a  level  line  at  this 
elevation  struck  the  ground  at  a  distance  of  about  three-fourths  of  a 


Fig.  199. — Map  of  Cowiche  reservoir.     Surveyed  by  Sydney  Arnold. 


mile  from  the  dam  site.  The  capacity  of  the  reservoir,  though  not  sur- 
veyed, was  estimated  not  to  exceed  1,500  acre-feet. 

Probably  the  only  site  within  this  basin  is  that  described  in  the 
Nineteenth  Annual  Keport,  Part  IV,  page  4:66^  under  the  head  of 
Cowiche  reservoir,  and  shown  in  fig.  199,  in  a  natural  depression 
in  the  divide  between  the  North  Fork  of  this  creek  and  the  Naches 
Eiver.  This'  reservoir,  as  built,  occupies  a  little  less  than  one-half  of 
the  depression,  the  other  half  being  controlled  by  a  man  owning  a  dry 
ranch  within  the  area,  which  he  is  holding  at  a  price  that  is  considered 
too  great  for  i^rofi table  purchase  for  use  as  a  reservoir. 

There  has  been  discussion  of  taking  water  from  the  Tieton  River  and 
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bringiDg  it  over  through  a  low  divide  into  the  headwaters  of  Oowiche 
Creek.  A  similar  proposition  has  been  made  for  the  Atanum  Basin, 
by  taking  water  from  the  Klickitat  Eiver.  For  a  preliminary  examina- 
tion of  such  projects  a  topographic  map  of  the  area  under  discussion 
would  be  of  benefit. 

ARTESIAN   WELLS. 

A  number  of  artesian  wells  have  been  drilled  in  the  upper  part  of 
Moxee  Valley,  southeast  of  North  Yakima,  as  described  in  the  Nine- 
teenth Annual  JKeport,  Part  IV,  on  page  467.  Additional  facts  have 
been  obtained  concerning  later  developments,  these  being  furnished  by 
Mr.  Sydney  Arnold.  The  following  list  repeats  and  continues  that 
printed  on  page  468  of  the  volume  mentioned  : 

Artesian  wells,  Moxee  Valley,  North  Yakima,  Washington. 


No 


10 
11 
12 

13 
14 

15 

16 

17 
18 
19 
20 
21 


Well. 


Clarke'sNo.l 

Clarke's  Nos.  2  aud  3. . . 
Meigs's 

Yakima  Land  Co.  No.  4 . 
Yakima  Land  Co.  No.  1 . 
Yakima  Land  Co.  No.  3. 

Bradford 


Dickson . 
Gano 


Ellens... 
Long  win 
Haines  . . 


Spratt . 


Stein weg  No.  1. 


Steinweg  No.  2 


Steinweg  No.  3. 


Yakima  Land  Co.  No.  3. 
Ellens 


Buwalda 
Clarke  .. 


Location. 


Sec. 


G 
31 
32 
4 
3 
3 


T. 


12 
13 
13 
12 
12 
12 

12 


8     12 


E. 


8 

12 

7 

12 

8 

12 

8 

12 

8 

12 

10 

12 

10 

12 

10 

12 

14 

12 

5 

12 

5 

12 

32 

13 

31 

13 

20 
20 
20 
20 
20 
20 

20 

20 
20 

20 
20 
20 

20 
20 

20 

20 

20 
20 
20 
20 
20 


n«T«T^io+Q/i   Costof  Diam- 
Completed.   ^^jj_     ^^^^^ 


1893 $2,000 


1892. 


1892 

1892 

Feb.      25, 

1892. 
Mar.     25, 

1897. 

1898 

Apr.     17, 

1897. 

(a) 

Sept.,  1893 

Mar.     24, 

1896. 
Eeb.,  1897 
May      29, 

1894. 
Sept.     15, 

1894. 
June     12, 

1895. 
Jan.,  1892 

1898 

1898 

1899 

(a) 


2,500 


Inches 

6-4.5 

5-3.5 

6 


Eleva- 
tion. 


600 

200 
400 


800 


4.5 

4.25 
3 

6 
3 
6 


6-3 
6 

6 

6 

8 


6-5 
5.75 


Feet. 
1,043 
1,  060 
1,140 
1,258 
61, 151 
1,141 

1,090 


1,005 

1,000 
1,005 
1,  080 


1,120 
1,124 
1,124 
1,195 


ftl,  060 


Depth. 


Feet. 
940 

1,050 
623 
500 
314 
340 

386 

294 
649 

550 

637 
702 

835 
280 

404 

534 

617 

728 
689 
653 
400 


Depth 

to 
water. 


Yield 

per 

minute. 


Feet. 
700 
800 
120 


60 


Cu.ft. 

144 

84 

18 

0 


30 


36 


30 


•     28 
22 

30 
45 

30 

70 

0 
&114 


48 


a  Not  finished. 


b  Approximate. 


On  March  3  Mr.  Arnold  measured  the  discharge  of  wells  No.  2 
(Clarke's  Nos.  2  and  3)  and  Is^o.  20  (Buwalda's),  and  on  April  20,  1899, 
he  measured  No.  1.     Well  No.  20  is  new,  being  commenced  on  Novem- 
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ber  4,  1898,  and  completed  on  March  2,  1899,  at  a  depth  of  G53  feet. 
The  first  60  feet  of  this  well  is  0  inches  in  diameter,  and  the  remainder 
5  inches  in  diameter.  Measurements  of  the  How  were  made  by  con- 
ducting the  water  through  a  portable  weir  box  placed  in  the  main 
ditch  near  the  outlet  of  a  large  circular  pool  at  the  base  of  the  discharge 
pipe.  The  dimensions  of  this  box  are  3.5  feet  wide,  6  feet  long,  and 
1.66  feet  deep,  the  rear  end  being  left  open.  The  sill  of  the  weir  is  2.5 
feet  long  and  1  foot  above  the  bottom.  The  ends  of  the  weir  are  0.5 
feet  from  the  sides  of  the  box  and  are  vertical. 

To  facilitate  the  placing  of  the  weir  box  in  i)osition  and  tamping  to 
provide  against  leakage  around  or  under  the  box  the  water  was  temi^o- 
rarily  diverted  from  the  main  ditch.  The  weir  was  then  set  level  with 
the  Y-level  and  rod  and  an  iron  pin  was  driven  into  the  side  of  the  box 
about  4  feet  from  the  opening  and  on  a  level  with  the  sill.  The  depth 
of  water  over  this  mark  was  afterwards  gaged  with  a  steel  rule,  gradu- 
ated to  thirty-seconds  of  an  inch.  It  was  found  that  in  calm  weather 
the  depth  could  be  read  to  a  single  division  with  ease  and  certainty. 
Keadings  were  taken  at  intervals  during  half  an  hour,  but  no  variation 
in  the  How  could  be  detected.  The  weir  opening  was  beveled  outward, 
the  edges  being  protected  with  sheet-iron  strips  naih  d  on  the  inside. 

For  computing  the  discharge,  there  was  emph\ved  the  Francis  formula 
for  weirs  in  thin  plate,  with  contraction  at  ends  and  no  velocity  of 
approach : 

D  =  3.33(L-^)h^ 
(Coeff.  3.41  for  heads  fromjD.03  feet  to  0.3  feet.) 

EesuUs  of  measurements  of  flow  of  artesian  wells. 


Date. 

Well. 

Discharge 
in  second- 
feet. 

Discharge 
in  cubic 
feet  ])er 
minute. 

1899. 

Mar.  2 

Do 

Do 

Apr.  20 

No.  2  (Clarke's  5-incli) 

1.046 
0.469 
0.800 
1.435 

63 
28 
48 
86 

No.  2a  (Clarke's  4-3i-inch ) 

No.  20  ( Buwalda's  6- inch) 

No.  1  (Clarke's  6-inch) 

Note. — Well  No.  1  was  measured  over  a  weir  2.5  feet  long  without  end  contraction,  using  the  formula 


D  =  3.33  Lh^. 


The  trial  boring  at  Mabton  is  located  on  a  homestead  claim  in  the 
SE.  1  of  sec.  7,  T.  8  K.,  R.  23  E.,  W.  M.,  and  owned  by  Messrs.  Terrill 
and  Hoover.  The  bore  was  down  125  feet  on  March  25,  1899,  and 
progressing  satisfactorily. 
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SPOKANE  RIVER. 

Spokane  Eiver  rises  in  northern  Idaho  and  flows  in  a  general  west- 
erly course  into  the  State  of  Washington,  emptying  into  Columbia 
River  above  the  Columbia  Plains.  A  general  description  is  given  in 
the  Nineteenth  Annual  Report,  Part  lY,  on  page  487.  At  about  its 
middle  course  the  river  has  an  abrupt  fall,  and  at  this  point  the  city  of 
Spokane  has  been  placed,  on  account  of  the  water  power.  The  accom- 
panying diagram  (fig.  200)  shows  the  relative  position  of  the  point  at 
which  river  measurements  are  made.  This  is  indicated  by  the  heavy 
black  dot  in  the  course  of  the  river,  and  is  at  the  bridge  of  the  Oregon 
Railway  and  I^avigation  Company.  Below  this  point  the  falls  occur, 
being  at  about  the  center  of  the  city.  Fig.  201  gives  a  generalized  profile 
of  the  sh)i)e  of  Spokane  River  at  this  point,  showing  the  abrupt  fall  and 
the  relative  location  of  the  various  bridges  crossing  the  river.  Com- 
putations of  daily  discharge  have  been  made  since  October  25,  189(3. 
The  results  for  1 898  are  given  in  the  following  table  and  shown  diagram- 
matically  in  fig.  202. 


Fig.  200. — Relative  location  of  point  of  discharge  measurements  and  of  fall  of  Spokane  River. 


Fig.  201.— Profile  of  fall  of  Spokane  River. 
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Estimated  montJil}/  discharge  of  Spokane  River  at  Spokane,  Washington. 

[Drainage  area,  4,005  square  iiiilea.] 


MoDth. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

January  

February  

March 

April 

May 

June 

July 

August 

September 2,851 

October j     2,766 

November |     3,  291 

December 3,  474 

The  year  ... 


11,  532 
19,  533 
14,  568 
27, 134 
27,  510 
25, 640 
11,971 
4,  644 


Mini- 
mum. 


Mean. 


27,  510 


4,854 
4,543 
7,  990 
7,  489 
22,  892 
12,  267 
4,749 
2,851 
2,436 
2,436 
2,766 
3,682 


8,104 

11,359 

12,  277 

14,  789 

25, 182 

19,  535 

7,480 

3,572 

2,  540 

2,558 

3,176 

2,887 


Total  in  acre- 
feet. 


Run-off. 


Depth  in 
inches. 


498,  299 
630,  847 
754,  888 
880,  005 
1,  548,  391 
1, 162,  411 
459, 930 
219,  635 
151, 140 
157,  286 
188,  985 
177,  516 


2.33 
2.96 
3.54 
4.12 
7.26 
5.44 
2.16 
1.02 
0.70 
0:74 
0.88 
0.83 


Second- 
feet  per 
square 
mile. 


2.02 
2.84 
3.07 
3.69 
6.29 
4.88 
1.87 
0.89 
0.63 
0.64 
0.79 
0.72 


2,436       9,455       6,829,333       31.98         2.36 


I 


Note.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  28,  page  166; 
mensurements,  page  169;  rating  table,  page  170;  results  for  1897,  in  WaterSupi)ly  and  Irrigation 
Paper  Ko.  16,  page  177,  and  in  the  Nineteenth  Annual  Keport,  Part  IV,  pages  487  to  489. 


Sec. -ft. 

39, 000 

36,  000 

33, 000 

30, 000 

27, 000 

24, 000 

21,  000 

18, 000 

15, 000 

12, 000 

9,000 

6,000 

3,000 

0 


JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY        AUQ. 
10  20       10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

. 

i 

A 

i 

In 

i 

i 

... 

i 

i 

i 

1 

ML 

' 

) 

Li 

i 

i 

L 

k 

fe 

b 

-^ 

FiQ.  202.--Discharge  of  Spokane  River,  at  Spokane,  Washington,  1898. 
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WALLAWALLA  RIVER. 

Whitman  station  on  Walla  walla  River  is  described  on  page  179  of 
Water-Supply  and  Irrigation  Paper  No.  16;  results  for  1897  are  given 
on  pages  493  to  494  of  the  Nineteenth  Annual  Report,  Part  IV;  gage 
heights  for  1898  are  given  in  Water  Supply  and  Irrigation  Paper  No. 
28,  page  166.    No  rating  table  lias  been  made. 

PRECIPITATION    IN   THE    BASIN   OF   PALOUSE   AND   WALLAWALLA 

RIVERS. 

The  principal  observations  of  rainfall  made  within  the  basins  of  the 
Palouse  and  Wallawalla  rivers  are  at  Rosalia,  Dayton,  and  Wallawalla. 
The  relative  location  of  these  points  is  shown  on  fig.  203,  in  connection 
with  the  points  of  river  measurements,  which  are  at  Hooper  and 
Whitman.  The  following  table  gives  the  name  and  location  of  the 
stations,  the  elevation  and  the  number  of  years  during  which  the 
observations  have  been  made,  or,  rather,  the  number  of  complete 
monthly  observations  used  in  computing  the  normals: 

Location  of  rainfall  stations. 


Station. 

County. 

State. 

Lati- 
tude. 

Longi- 
tude. 

Eleva- 
tion. 

Length  of 
record. 

Rosalia 

Dayton 

Wallawalla . . . 

Whitman 

Columbia 

Wallawalla  . . . 

Wa8bin<?ton. 

do 

do 

o       / 

47  14 
46  19 
46  4 

0        / 

117  24 

117  56 

118  21 

Feet. 
2,300 
1,683 
1,018 

Tears. 

5-6 

10-13 

28-30 

In  the  following  table  are  given  the  figures  of  normal  or  average 
monthly  precipitation,  from  the  time  of  the  beginning  of  the  record  to 
and  including  1897,  together  with  the  total  precipitation  by  months  for 
the  years  1896,  1897,  and  1898,  and  also  the  amount  by  years.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made: 

Rainfall  at  stations  in  drainage  Ifasin  of  Palouse  and  Wallaivalla  rivers. 

ROSALIA. 


Tear. 


Normal 

1896 

1897 

1898 

Normal 

18S6 

1897 

1898 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.24 

1.46 

L56 

1.77 

2.36 

0.91 

0.54 

0.53 

1.44 

L39 

3.70 

2.68 

2.75 

1.29 

0.72 

1.78 

2.31 

0.71 

0.60 

1.60 

0.27 

1.37 

6.46 

4.15 

1.34 

2.32 

2.19 

1.24 

1.43 

3.16 

1.18 

0.21 

2.08 

0.24 

6.52 

3.90 

1.60 

1.96 

1.50 

0.68 

2.53 

0.40 

0.48 

1.10 

0.84 

0.95 

2.52 

0.80 

1 

Annual. 


20.58 
24.01 
25.91 
15.36 


DAYTON, 


3.64 
3.38 
1.70 
3.40 


2.95 
0.44 
2.32 
1.69 


2.04 
1.31 
1.92 
2.02 


2.31 
1.14 
1.60 
0.86 


1.68 
0.76 
0.48 
1.80 


1.11 
0.43 
2.94 
1.80 


0.47 

0.23 

0.47 

(0.47) 


0.33 

L39 

0.49 

(0.  33) 


1.02 
0.24 
1.55 
1.20 


1.83 
0.70 
0.07 
0.98 


2.61 
3.65 
3.90 
4.18 


3.70 
2.39 
2.76 
0.85 


23.69 
16.06 
20.20 
19.58 
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Rainfall  at  stations  in  drainage  basin  of  Palouse  and  JVallaivalla  rivers — Continued. 

WALLAWALLA. 


Year. 

Jan.    Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Annual. 

Normal 

1896 

1.60 
1.88 
1.85 
1.88 

1.40 
1.20 
2.61 
1.33 

1.50 
1.15 
2.38 
1.52 

1.40 
3.85 
1.75 
1.83 

1.70 
1.68 
1.05 
2.26 

1.20 

0.88 
1.51 
0.84 

0.50 
0.15 
0.84 
0.22 

0.30 
1.24 
0.42 
0.22 

0.80 
0.17 
1.44 
0.56 

1.40 
1.57 
0.23 
1.09 

1.90 
3.09 
5.15 
3.74 

1.90 
2.55 
2.44 
0.85 

15.60 
19.41 
21.67 
16.34 

1897 

1898 

AVERAGES. 

Normal 

1896 

2.49 
2.67 
1.63 
2.29 

1.94 
0.98 
2.42 
1.66 

1.70 
1.06 
2.16 
1.68 

1.83 
2.26 
1.53 
1.12 

1.91 
1.58 
0.99 
2.20 

1.07 
0.67 
2.54 
1.01 

0.50 
0.33 
0.83 
0.39 

0.39 
1.41 
0.41 
0.55 

1.09 
0.23 
1.69 
0.87 

1.54 
1.21 
0.18 
1.01 

2.74 
4.40 
5.19 
3.48 

2.76 
3.03 
3.03 
0.83 

19.96 
19.83 
22.60 
17.09 

1897 

1898 

Fig.  203. — Relative  location  of  river  and  rainfall  observations  in  basins  "of  Palouse  and  Wallawalla 


rivers. 


Facts  concerning  the  run-off  are  obtainable  at  present  only  from  esti- 
mates at  Hooper,  on  Palouse  River,  the  figures  for  which  have  been 
printed  on  page  489  of  this  volume.  The  data  of  run-off'  for  Wallawalla 
River  have  not  yet  been  computed.  The  table  on  p.  514  gives  the  depth 
of  run-off'  in  inches  from  the  Palouse  drainage  basin  at  Hooper,  and, 
below  this,  a  comparison  of  this  run  off  with  the  observed  rainfall. 
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Depth  of  run-off,  in  inches,  from  Palouse  drainage  basin  at  Hooper. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.74 
0.05 

Annual. 

1897         

0.03 
0.02 

0.03 
0.02 

0.18 
0.04 

5.12 

1898 

0.54 

1.50 

1.12 

1.22 

0.38 

0.16 

0.05 
0.05 

0.02 

Average . 

0.54 

1.50 

1.12 

3.22 

0.38 

0.16 

0.02 

0.03 

0.03 

0.11 

0.40 

5.56 

Rainfall  and  run-off. 


Station. 

Normal. 

1896. 

1897. 

1898. 

RAINFALL. 

Rosalia 

Dayton 

Wallawalla 

Average 

RUN-OFF. 

Palouse,  at  Hooper 

Percentage  of  rainfall 

20.58 
23.69 
15.60 

34.01 
16.06 
19.41 

25.91 
20.20 
21.67 

1 

15.36 
19.58 
16.34 

19.96 

19.83 

22.59 

17.09 

5.56 

5.12 

......  .... 

27.86 

29.96 

UMATILLA  RIVER. 

Umatilla  Eiver  receives  the  drainage  from  a  portion  of  the  Blue 
Mountains  in  the  northeastern  part  of  Oregon  and  flows  in  a  westerly 
direction  into  Columbia  River.  The  mountains  in  the  upper  part  of 
the  catchment  basin  are  from  4,000  to  7,000  feet  in  height  and  are  cov- 
ered with  a  heavy  growth  of  timber  that  furnishes  valuable  supplies  of 
lumber.  The  stream  and  the  diversions  of  water  from  it  are  described 
in  Bulletin  No.  131,  pages  08  to  73.  Measurements  are  made  at  Gibbon, 
Oregon,  immediately  below  the  mouth  of  Meacham  Creek.  A  cable  is 
suspended  across  the  stream  at  a  point  about  one-half  mile  west  of  the 
railroad  station  of  the  Oregon  Railroad  and  Navigation  Company, 
known  as  Bingham  Springs.  This  is  on  the  eastern  end  of  the  Umatilla 
Indian  Reservation  and  is  21  miles  east  of  Pendleton. 
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Estimated  monthly  discharge  of  Umatilla  River  at  Gihhon,  Oregon. 

[Drainage  area,  353  square  miles.] 


Month. 


1898. 
January  .  .. 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November . 
December  . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,048 

3,730 

1,324 

2,339 

1,148 

568 

115 

83 

83 

99 

202 

1,252 


3,730 


Mini- 
mum. 


264 

264 

412 

544 

334 

115 

83 

74 

74 

83 

99 

99 


74 


Mean. 


482 

1,000 

687 

1,486 

635 

250 

97 

76 

76 

87 

135 

263 


440 


Bun-off. 


Total  in  acre- 
feet. 

Depth  in 
inches. 

29,  637 

1.58 

55,  537 

2.95 

42,  242 

2.25 

88,  423 

4.70 

39,  045 

2.08 

14,  876 

0.79 

5,964 

0.32 

4,673 

0.25 

4,522 

0.24 

5,349 

0.29 

8,033 

0.43 

16, 171 

0.86 

314,  472 

16.74 

Second- 
feet  per 
square 
mile. 


1.37 
2.83 
1.95 
4.21 
1.80 
0.71 
•  0.28 
0.22 
0.22 
0.25 
0.38 
0.75 


1.25 


Note.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  28,  page  167, 
measurements,  page  169,  rating  table,  page  170 ;  results  for  1897  in  "Water-Supply  and  Irrigation  Paper 
No.  16,  page  180,  and  the  Nineteenth  Annual  Keport,  Part  IV,  pages  493-494. 
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Fig.  204. — Discharge  of  Umatilla  River  at  Gibbon,  Oregon,  1898. 
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DESCHUTES    RIVER. 

Moro  station  on  Deschutes  River  is  described  on  page  181  of  Water- 
Supply  and  Irrigation  Paper  No.  1€.  A  measurement  was  made  in 
1898  by  Mr.  Sydney  Arnold.  No  rating  table  was  constructed^  for  lack 
of  sufficient  data.  Gage  heights  for  1898  are  given  in  Water- Supply 
and  Irrigation  Paper  No.  28,  page  167. 

HOOD    RIVER. 

Tucker  station  on  Hood  River  is  described  on  page  181  of  Water- 
Supply  and  Irrigation  Paper  No.  IG;  results  for  1897  are  given  on 
pages  498  to  500  of  the  Nineteenth  Annual  Report,  Part  IV.  Gage 
heights  for  1898  are  given  in  Water- Supply  and  Irrigation  Paper  No.  2S, 
page  168.  A  measurement  was  made  on  May  5,  the  discharge  being 
1,502  second-feet.     No  rating  table  has  been  constructed. 

KORTHERl^  PACIFIC  COAST  DRAINAGE. 

Under  the  heading  ^^ Northern  Pacific  coast  drainage"  are  included 
facts  obtained  concerning  the  streams  which  flow  into  Puget  Sound 
from  the  western  slope  of  the  Cascade  Range,  and  also  concerning  the 
streams  draining  the  Olympic  Mountains  and  flowing  northerly  into 
the  Strait  of  Juan  de  Fuca  or  into  the  Pacific  Ocean. 
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Fig.  205.-.Di8cliarge  of  Cedar  River  at  Clifford's  bridge,  Waahiagton,  1895-98. 

CEDAR  RIVER. 

The  measurements  of  Cedar  River,  Washington,  were  described  in 
the  Nineteenth  Annual  Report,  Part  IV,  on  page  501.  Since  the  time 
of  publication  of  this  report  Mr.  Theron  A.  Noble  has  supplied  addi- 
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tional  data,  giving  the  discharges  to  August  12,  1898,  and  occasionally 
during  September,  after  which  time  the  station  at  Clifford's  bridge  was 
discontinued.  These  figures  of  daily  flow  are  given  in  Water-Supply 
and  Irrigation  Paper  No.  28,  on  pages  172  and  173.  Four  discharge 
measurements  during  1898  were  taken  at  Vaughn's  bridge,  about  3,000 
feet  below  the  outlet  of  Cedar  Lake  and  about  15  miles  upstream  from 
Cliftbrd's  bridge.  The  measurements  were  made  by  means  of  current 
meter.  The  first  was  on  July  1, 1898,  when  the  gage  height  was  992.26 
and  the  discharge  366  second-feet.  The  second  was  on  July  24,  with 
gage  height  991.69  feet  and  discharge  109  second-feet.  The  third  was 
on  September  13,  with  gage  height  991.25  feet  and  discharge  46  second- 
feet.  This  latter  was  the  lowest  made  during  the  summer  season. 
It  was  checked  by  means  of  a  submerged  float  measurement,  which 
gave  a  discharge  of  50  second  feet.  The  last  measurement  was  on 
October  1,  when  the  height  was  992.01  feet  and  the  discharge  243  second- 
feet. 

The  accompanying  PI.  LVI,  A  shows  the  location  of  the  station  at 
Clifford's  bridge,  at  which  the  greater  part  of  the  measurements  have 
been  made.  Observations  of  water  height  have  also  been  made  at  the 
outlet  of  Cedar  Lake  for  the  months  of  July  to  December,  1898.  The 
following  table  gives  the  estimated  monthly  discharge  for  1898  up  to 
the  time  the  station  at  Cliftbrd's  bridge  was  discontinued,  and  fig.  205 
shows  graphically  the  fluctuations  from  the  time  of  beginning  the 
observations  in  1895: 


Estimated  monthly  discharge  of  Cedar  River  near  Seattle,  Washington. 

[Drainage  area,  143  square  miles.] 


Month. 


1898. 
January 


March 

April 

May   

June 

Jnly 

August  1-12. 
September  a. 


Dischar 

ye  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

2,214 

423 

850 

3,318 

397 

1,377 

760 

408 

587 

1,350 

397 

716 

1,363 

790 

998 

1,191 

485 

802 

510 

16f 

289 

168 

136 

151 

219 

71 

130 

Total 

for  month  in 

acre- feet. 


52,  265 
76,  475 
36,  093 
42,  605 
61,  365 
47,  722 
17,  770 
9,285 
7,736 


Run- off. 


Depth  in 
inches. 


6.86 
10.03 
4.74 
5.59 
8.06 
6.26 
2.33 
1.22 
1.01 


Second- 
feet  per 
square 
mile. 


5.94 
9.63 
4.10 
5.01 
6.98 
5.61 
2.02 
1.06 
0.91 


a  Observations  made  during  eleven  dajs  in  September,  between  September  9  and  29.  Figures  given 
in  Water-Supply  Paper  Xo.  28,  page  173. 
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DUNGENESS  RIVER. 

This  river  receives  its  supply  of  water  from  the  eastern  slope  of  the 
Olympic  Mountains  of  northwestern  Washington.  It  flows  in  a  north- 
erly direction,  entering  the  Strait  of  Juan  de  Fuca  about  20  miles 
east  of  Port  Angeles.  A  sketch  map  showing  the  position  of  this  river 
is  given  on  fig.  179  of  the  Nineteenth  Annual  Keport,  Part  lY.  Meas- 
urements of  river  flow  are  made  at  a  bridge  about  9  miles  above  the 
mouth  of  the  river  and  18  miles  southeast  of  Port  Angeles.  This  and 
the  river  stations  on  Elwha,  Galowa,  and  Solduck  rivers  are  in  charge 
of  William  J.  Ware,  resident  hydrographer,  Port  Angeles,  Washington, 

Estimated  monthly  discharge  of  Dungeness  River  at  Seguin,  Washington. 

[Drainage  area,  145  square  miles.] 


Month. 


1897. 

July  5-31 

August 

September  . . . . 

October 

November 

December 

1898 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

]\leau. 

669 

323 

474 

438 

218 

321 

234 

167 

181 

553 

138 

182 

2,  954 

157 

636 

2,875 

85 

702 

273 

234 

248 

652 

234 

■  342 

288 

227 

248 

406 

234 

264 

757 

299 

443 

1,177 

310 

550 

546 

310 

378 

365 

170 

239 

383 

156 

170 

610 

152 

185 

159 

153 

155 

785 

150 

208 

1,177 

150 

286 

Total  in  acre- 
feet. 


Run-oflF. 


Depth  in 
inches. 


29,  145 
19,  738 
10,  770 
11, 191 
37,  845 
43, 165 


15,  249 
18,  994 
15,  249 
15,  709 
27,  239 
32,  727 
23,  242 
14,  696 
10, 116 

11,  375 
9,223 

12,  790 


3.77 
2.55 
1.39 
1.45 
4.90 
5.58 


Second- 
feet  per 
square 
mile. 


206,  609 


1.97 
2.46 
1.97 
2.03 
3.53 
4.23 
3.01 
1.90 
1.31 
1.48 
1.19 
1.65 

26.73 


3.27 
2.21 
1.25 
1.26 
4.39 
4.84 


1.71 
2.36 
1.71 
1.82 
3.06 
3.79 
2.61 
1.65 
1.17 
1.28 
1.07 
1.43 

1.97 


IN'OTE. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  174, 
measurements,  page  176,  rating  table,  page  176;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  182,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  503. 
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Fig.  20tj.— Discharge  of  Dungeness  River  at  Seguin,  "Washington,  1897-98. 

ELWHA  RIVER. 

Elwha  Eiver  rises  in  the  Olympic  Mountains  and  flows  northerly, 
emptying  into  the  Strait  of  Juan  de  Fuca  about  5  miles  westerly  of  the 
city  of  Port  Angeles.  A  general  description  of  the  stream  is  given  in 
the  Nineteenth  Annual  Keport,  Part  I Y,  on  page  505.  As  there  stated, 
there  appears  to  be  an  excellent  opportunity  for  the  development  of 
water  power,  particularly  by  the  construction  of  a  dam  at  a  narrow  point 
of  the  river  known  as  Aldwells  Canyon.  An  examination  has  been 
made  of  the  dam  site,  but  a  detailed  survey  has  not  been  had  of  the  area 
which  may  be  flooded.     An  estimate  of  the  cost  of  installing  a  power 
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plant  at  this  point,  in  sec.  15,  T.  30  F.,  E.  7  W.,  of  the  Willamette  merid- 
ian, has  been  made  by  Mr.  Theron  A.  Noble,  in  which  he  shows  that 
with  a  dam  30  feet  high  1,000  horsepower  can  be  made  available  at  a 
cost  of  $47,000,  and  with  a  dam  130  feet  high  10,000  horsepower  at  a  cost 
of  about  $250,000.  He  estimates  that  with  a  dam  of  the  latter  height 
a  reservoir  can  be  created  of  sufflcient  capacity  to  increase  the  flow  of 
the  river  to  about  950  second-feet,  this  being  the  most  economical  height 
for  a  masonry  structure.  It  would  be  possible  to  build  a  masonry  dam 
200  feet  high  across  the  canyon,  giving  a  much  greater  supply  of  water 
from  storage  and  about  double  the  head.  It  is  believed  that  at  least 
25,000  horsepower  can  be  obtained  by  building  this  high  dam  at  the 
canyon  and  controlling  works  at  the  outlet  of  Lake*  Sutherland,  which 
discharges  through  Indian  Creek  into  Elwha  River  below  the  point  of 
measurement  and  above  Aldwells  Canyon. 

The  point  where  it  is  proposed  to  build  the  masonry  dam  is  about  30 
feet  wide  on  the  bottom  and  from  40  to  50  feet  wide  at  the  water  level, 
being  not  more  than  70  feet  wide  at  the  top.  A  view  showing  the 
character  of  the  canyon  is  given  on  PI.  XLVIII  of  the  Nineteenth 
Annual  Report,  Part  IV.  Above  the  canyon  the  hill  slopes  are  very 
steep,  being  at  an  angle  of  from  30°  to  45^^.  The  rock  is  compact  and 
is  considered  as  furnishing  a  satisfactory  foundation  for  a  masonry 
dam.  As  the  natural  walls  are  nearly  perpendicular  it  is  proposed  to 
build  the  masonry  dam  in  the  form  of  an  arch,  with  the  convex  side 
upstream.  A  measurement  of  the  river  at  this  point,  made  October 
25,  1898,  and  including  the  flow  of  Little  River  and  Indian  Creek, 
showed  a  discharge  of  586  second-feet.  This  has  been  taken  as  repre- 
senting about  the  lowest  stage  of  the  river.  A  supplemental  dam  at 
Lake  Sutherland  could  be  easily  constructed,  as  its  outlet  is  through  a 
narrow  gorge  with  precipitous  sides.  A  dam  which  would  raise  the 
waters  of  the  lake  30  feet  could  be  built  at  a  probable  cost  of  not  more 
than  $25,000. 

The  point  of  measurement  of  Elwha  River  is  at  the  bridge  at  McDon- 
ald, as  shown  in  PI.  LVI,  B,  this  being  selected  as  the  most  suitable 
locality.  It  is,  as  before  stated,  above  the  outlet  of  Lake  Sutherland, 
and  also  above  Little  River,  so  that,  to  obtain  the  total  flow,  allowance 
should  be  made  for  the  discharge  of  these  streams.  Cagings  at  this 
point  were  begun  on  October  8,  1897,  by  Mr.  A.  Judson  Adams,  civil 
engineer.  Port  Angeles,  and  have  been  continued  by  Mr.  William  J, 
Ware,  his  successor  as  resident  hydrographer. 
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Estimated  monthly  discharffe  of  Elwha  River  at  McDonald,  Washington. 

[Drainage  area,  188  square  miles.] 


Month. 


1897. 
October  8-31  . 

November 

Deceinber 

1898. 

January  

February  

March  

April 

May 

June 

July 

August   

September  . .. . 

October 

November 

December 

The  year 


Discbarge  in  second-feet. 


Maxi- 
mum. 


1,712 
7,075 
4,807 


3,087 
3,255 
1,862 
2,147 
2,535 
3,282 
2,383 
1,600 
2,113 
2,917 
1,562 
3,310 


Mini- 
mum. 


170 
310 
520 


855 

967 

687 

687 

1,243 

1,637 

1,431 

631 

470 

330 

687 

520 


Mean. 


495 
1,513 

2,288 


Total  in  acre- 
feet. 


Run-off. 


Depth  in 
inches. 


1,570 
2,157 
1,249 
1,227 
2,007 
2,232 
1,813 
1,200 
695 
889 
1,066 
1,218 


30,  436 

90,  030 

140,684 


96,  536 
119,794 
76,  799 
73,011 
123,  406 
132,  813 
111,478 

73,  786 
41,  355 
54,  663 
63,  431 

74,  892 


3.03 

8.98 

13.58 


3,310 


330 


1,444 


1,  041,  964 


9.63 

11.95 

7.65 

7.29 

12.30 

13.24 

11.11 

7.35 

4.13 

5.  45 

6.32 

7.47 


Second- 
feet  per 
square 
mile. 


2.63 

8.05 

12.17 


103.  89 


8.35 

11.48 

6.64 

6.53 

10.68 

11.87 

9.64 

6.38 

3.70 

4.73 

5.67 

6.48 

7.68 


Note.— Gage  lieiglits  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  Xo.  28,  page  174; 
measurements,  page  176;  rating  table,  page  176;  results  for  1897  in  AVater-Supply  and  Irrigation 
Paper  No.  16,  page  183,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  505. 


Scc.-ft. 
12,  000 

11, 000 

10,  000 


Fig.  207.— Discharge  of  Elwha  River  at  McDonald,  Washington,  1898. 
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CALOWA  RIVER. 

Estimated  monihly  discharge  of  Calowa  River  at  Forks,  IVashington. 

[Drainage  area,  213  square  miles.] 


Month. 


1897. 
November  12-30 
December 


Dicharge  in  second-feet. 


Maxi- 
mum. 


19,  040 
10,  200 


1898. 

January 

February 

March  

April 

May 

June 

July 

August  1-13,  26-31 

September 

October 

November 

December 


The  vear 


3,400 

8,976 

1,627 

3,053 

621 

],441 

892 

706 

1,254 

3,808 

3,808 

8,432 


Mini- 
mum. 


797 

873 


Mean. 


2,428 
3,686 


Total  in  acre- 
feet. 


144,  476 
226,  643 


689 
797 
474 
301 
270 
270 
155 
105 
40 
379 
604 
604 


8,976 


40 


1,227 

2,940 

765 

824 

449 

524 

323 

239 

329 

807 

1,464 

2,181 


1,006 


75,  446 
163,  278 
47,  038 
49,  031 
27,  608 
31, 180 
19,  861 
14,  696 
19,  577 
49,  621 
87, 114 
134,  105 


Run-off. 


Depth  in 
inches. 


12.27 
19.95 


718,  555 


6.65 
14.37 
4.14 
4.32 
2.43 
2.74 
1.75 
1.29 
1.72 
4.37 
7.66 
11.81 


63.25 


Second- 
feet  per 
square 
mile. 


11.4 
17.3 


5.77 
13.80 
3.59 
3.87 
2.11 
2.46 
1.52 
1.12 
1.54 
3.79 
6.87 
10.24 


4.72 


Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  175; 
measurements,  page  176;  rating  table,  page  17G;  results  for  1897  in  Water-Supply  and  Irrigation 
Paper  Xo.  10,  page  184. 
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12, 000 
11, 000 
10, 000 

9,000 

8,000 

7,000 

6,000 

5,000 

4,000 

3,000 

2,000 

1,000 
0 


JAN.  1  F 
10  20  1  1 

■EB. 
0  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUQ. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC.  1 
10  20  1 

1 

1 

I 

i 

- 

— 

HI 

y 

u 

t 

_ 

«^ 

4 

1 — 

1- 

I- 

1 

-4 

J 

r^n,,  w  'Vipil^PPiFlllll^f  T    ^ 


Fig.  208.— Discharge  of  Calowa  River  at  Forks,  Washington,  1898. 
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SOLDUCK    RIVER. 

Estimated  monthly  discharge  of  Solduck  Biver  at  Quillaynte,   JVashington. 

[Drainage  area,  272  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


1897. 

November  14-30 9,  766 

December 12,  262 

1898. 

January 2,  589 

February I  5,398 

March 2,119 

April 1,936 

May ;  1,275 

June 1,836 

July 975 

August 475 

September 1,  305 

October 5, 138 

November 3,162 

December '  4,  982 


1,215 
1,458 


2,727 
3,800 


Total  in  acre- 
feet. 


162,  268 
233,  654 


The  year  . 


5,  398 


1,215 

1,095 

865 

865 

865 

783 

475 

289 

200 

525 

1,  065 

1,065 


1,720 

2,833 

1,239 

1,188 

1,042 

1,005 

676 

366 

468 

1,171 

1,802 

2,066 


200  '     1,298 


105,  759 

157,  337 

76, 184 

70,  691 

64,  070 

59,  802 

41,  566 

22,  505 

27,  848 

72,  002 

107,  226 

127,  034 


Run -off. 


Depth  in 
inches. 


Second- 
feet  per 
square 
mile. 


11.19 
16.  11 


10.  03 
13.97 


7.29 
10.84 
5.26 
4.88 
4.42 
4.12 
2.87 
1.56 
1.92 
4.97 
7.39 
8.75 


932,024       64.27 


6.32 
10.41 
4.56 
4.37 
3.83 
3.69 
2.49 
1.35 
1.72 
4.31 
6.62 
7.59 


4.77 


Note.— Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  Xo.  28,  page  175; 
measurements,  page  176;  rating  table,  page  176;  results  for  1897  in  "Water-Supply  and  Irrigation 
Paper  No.  16,  page  184. 
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Fig.  209.— Discharge  of  Solduck  River  at  Quillayute,  "Washington,  1898. 
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524         progress  of  stream  measurements  for  1898. 

sa:n^  fra:n^cisco  bay  draii^tage. 

Statements  concerning  the  water  supply  of  the  central  valley  of  Cal- 
ifornia are  included  under  this  heading  from  the  fact  that  the  Sacra- 
mento, flowing  from  the  north  and  San  Joaquin  from  the  south,  unite 
in  their  discharge  into  San  Francisco  Bay.  All  of  the  work  in  this 
area,  as  well  as  that  in  southern  California,  has  been  done  under  the 
direction  of  Mr.  J.  B.  Lippincott,  of  Los  Angeles.  From  his  reports 
the  following  information  has  been  obtained.  All  of  the  river  stations 
described  in  previous  publications  have  been  maintained  during  the 
year  1898,  but  the  station  at  Kingsburg,  on  Kings  River,  was  abandoned 
at  the  end  of  the  year. 

LOW  WATER  OF  1898. 

During  the  year  1898  the  available  water  supply  diminished  to  a 
degree  wholly  unprecedented  in  the  history  of  the  State.  On  the 
Pacific  coast  there  is  a  distinct  wet  and  dry  season,  varying  in  dura- 
tion with  the  latitude,  the  wet  season  being  longest  in  the  northwest- 
ern part  of  the  State  and  shortest  at  San  Diego,  near  the  Mexican 
line.  The  rains  usually  begin  about  the  1st  of  October  and  extend  to 
the  month  of  April.  In  the  valley  portions  of  the  State  there  is  prac- 
tically no  precipitation  during  the  summer  months,  but  in  the  high 
Sierras,  in  the  north  and  central  section,  there  are  frequent  thunder- 
storms in  the  afternoon.  In  the  coast  range  of  southern  California 
these  storms  are  less  frequent  and  of  such  violence  when  occurring 
that  their  effect  upon  the  streams  is  usually  of  a  very  transitory  nature. 
The  high- water  period  of  the  main  streams  of  the  Sacramento  and  San 
Joaquin  valleys,  whose  drainage  basins  extend  to  the  crest  of  the  Sier- 
ras, occurs  between  the  middle  of  April  and  the  1st  of  July.  This  is 
the  period  of  melting  snow  in  the  higher  catchment  basins  of  the  rivers 
which  have  their  source  at  altitudes  of  from  10,000  to  15,000  feet, 
where  the  precipitation  is  the  heaviest.  In  the  months  of  February 
and  March,  when  the  snow  line  has  encroached  on  the  lower  levels  of 
the  foothills,  warm  rains  occasionally  occur,  melting  the  snow  and  caus- 
ing the  maximum  floods  on  the  streams  receiving  water  from  these 
lower  altitudes.  The  period  of  low  water  extends  from  July,  culminat- 
ing in  September,  and  reaching  its  limit  in  the  months  of  October  and 
November. 

In  the  southern  end  of  the  State,  where  warmer  temperatures  are  the 
consequence  of  lower  latitude,  the  mountain  winter  storms  bring  less 
snow  and  more  rain.  The  snow  which  is  deposited  is  usually  melted 
early.  The  high  waters  in  this  group  of  streams  prevail  in  the  winter 
season,  the  greatest  flow  probably  occurring  in  the  months  of  January 
and  February.  The  sudden  floods  in  the  streams  which  issue  from  the 
mountain  canyons  are  of  a  torrential  nature,  and  the  high  stage  is  apt 
to  last  from  three  to  four  days,  after  which  the  stream  again  recedes 
and  a  much  lower  condition  of  flood  takes  place.     These  floods  are  very 
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difficult  to  measure  or  record.  Driftwood  is  swept  down  in  great  quan- 
tities, and  the  high  velocity,  often  exceeding  10  feet  per  second,  quickly 
alters  the  channel  of  the  stream.  Earth  and  bowlders  are  brought 
down  in  a  most  surprising  manner  and  deltas  are  built  rapidly  at  the 
mouths  of  the  canyons. 

From  the  above  description  it  will  be  seen  that  the  seasonal  rainfall 
extends  from  the  latter  part  of  one  calendar  year  to  the  beginning  of 
the  next.  The  rainfall  records  covering  this  period  are  of  the  greatest 
importance  in  connection  with  the  study  of  stream  flow,  since  the  waters 
discharged  in  the  spring,  summer,  and  fall  are  the  result  of  the  precipi- 
tation which  occurs  during  winter  months.  It  has  been  determined 
that  the  rainfall  increases  on  the  coast  side  of  the  mountain  ranges  of 
California  in  proportion  to  the  increase  in  elevation.  Observations 
made  near  the  foot  of  the  mountains  may  be  considered  as  furnishing  a 
basis  to  which  additions  should  be  made  for  higher  elevations. 

On  examining  the  tables  of  precipitation  prepared  by  seasons,  it 
will  be  noted  that,  as  above  stated,  there  has  been  an  unusual  period 
of  drought  during  the  past  nine  years,  this  condition  being  accentu- 
ated in  the  southern  end  of  the  State  since  the  season  of  1890-91.  In 
Sacramento  there  have  been  during  this  period  three  seasons  when  the 
rainfall  exceeded  the  mean  and  six  when  it  fell  below  the  mean.  At 
Fresno  there  have  been  two  seasons  of  excessive  rainfall,  two  of  defi- 
cient, and  one  of  mean.  At  Los  Angeles  there  have  been  one  season 
of  excessive  rainfall,  one  of  average  rainfall,  and  seven  of  deficient. 
This  is  the  minimum  record  for  the  above  section,  and  the  season  of 
1897-98  is  preceded  by  three  years  of  lower  record.  It  will  be  seen 
from  this  that  the  State  of  California,  particularly  its  southern  section, 
has  been  passing  through  a  cycle  of  the  driest  years  ever  reported  by 
rainfall  observers  in  this  State,  possible  exceptions  being  between 
1854-55,  also  1858-59,  recorded  for  Sacramento  alone.  The  scarcity 
of  water  has  been  such  that  only  about  one-half  to  one-fourth  the 
usual  quantity  has  been  delivered,  although  full  charges  have  usually 
been  made.  It  is  stated  that  the  situation  developed  lawlessness  and 
armed  interference  on  Kings  River,  head  gates  being  blown  out  by 
rival  canal  companies  claiming  the  small  amount  of  water  available, 
and  gates  opened  or  closed  without  regard  to  acquired  rights. 

The  diminution  of  river  flow  resulting  from  the  deficient  precipita- 
tion can  be  noted  in  the  records  of  the  following  river  stations  for  the 
six  streams  measured  in  the  Sacramento  and  San  Joaquin  valleys.  A 
number  of  additional  observations  were  made  throughout  the  State 
during  several  months,  particularly  in  August  and  September,  when  the 
streams  were  practically  at  their  lowest  stages.  The  results  of  these 
low-water  measurements  are  given  in  the  following  table  (p.  526),  the 
streams  being  arranged  in  general  geographic  order  from  north  to  south. 
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Low-water  measurements  in  Sacramento  and  San  Joaquin  valleys. 


Date. 


1898. 
Juue    2 
Sept.  13 
Oct.      7 


Sept.  — 
June  1 
June    2 

July  29 


Oct.  6 
Oct.  5 
Oct.  6 
July  30 


Oct. 


July  28 
Sept.  2 
July  26 
July  25 
July  27 
Aug.  30 
Aug.  31 


Sept.    1 


Name  of  river. 


Sacramento. 

....do  

Yuba 

American  .. 


....do.... 
Stanislaus 
....do.... 


-do 
.do 


do 

....do 

do 

Tuolumne 
do  .... 


Total  flow 


.do 
.do 
.do 


Total  flow 

San  Joaquin 

do 


Kings 

do 

do 

do 

do 

do 


.do 
.do 


do  .. 

Kaweah 


....do 

do 

do 

do 

do 

Tule.. 


Locality. 


Jelly 8  Ferry 
do 


Dry,  except  for  reservoired  water. 

North  and  Middle  Fork,  at  head 
of  North  Fork  ditch. 

At  Folsom 

Oakdale 

Flume  No.  3,  Stanislaus  and  San 
Joaquin  Canal. 

Oakdale 

Stanislaus  and  San  Joaquin  Canal 
at  Knights  Ferry. 

Oakdale 

Stanislaus  and  San  Joaquin  Canal. 

do 

Lagrange  

Mining  company  ditch 


Lagrange  

Mining  ditch.. 
Turlock  flume. 


Herndon 

do 

Clarks  bridge 

Kingsburg  R.  R.  bridge 

Red  Mountain 

Kingsburg  R.  R.  bridge 

Red  Mountain 

Church   ditch,  check  near   Trim- 
mer Spring  road. 

76  ditch  at  mouth  of  canyon 

Fowler-Switch  Canal  at  mouth  of 
canyon. 

Kingsburg    ditch     at     mouth    of 
canyon. 

One-half  mile  above  power  com- 
pany's headworks. 

Iron  bridge 

Irrigation  and  power  ditch 

Pogues  ditch 

South  Fork  Kaweah,  at  junction  . . 

North  Fork  Kaweah,  at  junction  . . 

Headworks    Pioneer    ditch  (esti- 
mated). 


Area  of 
section. 


486.  00 
24.10 

167.  00 


145.  20 


445. 00 


72.00 


665. 00 
520. 00 
1,  088.  00 
1,  290.  00 
452.  00 
191.70 
333. 50 
104. 40 


28.4 


34.2 


Mean 
veloc- 
ity. 


Sq./eet. 

2,547.00  ;       3.552 
1,  802. 00         2. 3 


1.875 
3.00 

0.435 


0.342 


0.  232 


L15 


0.92 

0.631 

0.28 

0.236 

1.13 

0.492 

0.731 

1.58 


1.24 
0.523 


Dis- 
charge. 


Sec. feet. 
9,  048.  00 
4, 152. 00 


16.00 

34.50 

91L50 

72.35 

72.80 
42.00 

49.60 
33.40 
32.70 
103. 20 
24.00 

127. 20 
82.70 
24.00 
30.00 

136.  70 
611. 00 
328.  00 
305.  00 
305.  00 
503. 00 
94.10 
243. 80 
164.  30 

(a) 
(a) 

(a) 

35.30 

17.90 
8.50 
4.50 

(a) 
0.30 
6.00 


a  Dry. 
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SACRAMENTO    RIVER. 

Estimated  monthly  discharge  of  Sacramento  JRiver  at  JeUys  Ferry,  California. 

[Drainage  area,  9,134  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maxi- 
mum. 


1898. 

January 6,525 

February 33,600 

IMarcb  '  22,500 


April 
IMay  . 
June  . 
July. 


August. 


September 
October  ... 
November  . 
December  . 


The  year 


7,260 
10,  800 
10,  500 
5,150 
4,475 
4,475 
4,925 
6,892 
5,950 


33,  600 


Mini- 
mum. 


5,835 
5,835 
6,525 
6,525 
5,375 
5,150 
4,475 
4,250 
4,  250 
4,475 
4,475 
4,700 


4,250 


Mean. 


6,120 
12,  479 
9,745 
6,872 
6,632 
6,674 
4,700 
4,276 
4,280 
4,631 
4,785 
4,991 


6,349 


Total  in  acre- 
feeN 


376,  307 
693,  049 
599,  201 
408,  911 
407,  789 
397, 130 
288,  994 
262,  923 
254,  677 
284,  751 
284,  727 
306,  887 


4,  565,  346 


E.un-otf. 


I  Second- 
Depth  in  feet  per 
inches.  square 
I       mile. 


0.77 
1.43 
1.23 
0.83 
0.84 
0.81 
0.60 
0.54 
0.53 
0.59 
0.58 
0.63 


9.38 


0.67 
1.37 
1.07 
0.75 
0.73 
0.73 
0.52 
0.47 
0.47 
0.51 
0.52 
0.  55 


0.70 


Note. — Gage  heights  for  1898  are  given  in  "Water-Supply  and  Irrigation  Paper  No.  28,  page  182; 
measurements,  page  185;  rating  table,  186;  results  for  1897  in  Water-Supply  and  Irrigation  Paper  No. 
16,  page  185,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  509. 
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Fig.  210.— Discharge  of  Sacramento  Eiver  at  Jellys  Ferry,  California,  1895-1898. 
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A  considerable  number  of  storage  works  have  been  built  on  various 
tributaries  of  Sacramento  lUver^  these  being  constructed  primarily  for 
hydraulic  mining  and  to  a  less  extent  for  supplying  water  for  irriga- 
tion. A  typical  dam  of  this  character  is  shown  in  PI.  LVII.  This  is 
at  the  mouth  of  South  Blue  Lake,  Alpine  County,  California,  the  loca- 
tion being  shown  on  the  Markleeville  topographic  atlas  sheet.  On  the 
same  plate  at  B  is  shown  the  method  of  construction  of  this  dam,  it 
being  one  of  the  reservoirs  of  the  Amador  Canal  Company.  These 
early  log  and  crib  dams  have  been  to  a  considerable  extent  replaced 
by  better  structures,  but  the  illustrations  are  given  to  exhibit  the 
character  of  the  preliminary  work. 

CLEAR   LAKE. 

A  description  of  Clear  Lake,  California,  is  given  in  the  Thirteenth 
Annual  Eeport,  Part  III,  on  pages  405  to  409,  together  with  a  detailed 
map  of  the  shores  and  of  the  depth  of  water.  It  is  stated  that  a  copy 
was  secured  of  the  record  of  the  rise  and  fall  of  the  waters  of  Clear 
Lake  kept  from  1873  to  1890,  inclusive,  under  the  direction  of  Capt.  E.  S. 
Floyd,  of  Kono  Tayee  Point,  and  that  the  levels  of  the  Survey  were 
connected  with  the  zero  plane  of  this  gage.  Records  given  below  have 
been  printed  by  Mr.  Charles  Mifflin  Hammond,  United  States  vol- 
untary observer  at  Ma  Tel  Vineyard,  Upper  Lake.  In  order  to  bring 
these  figures  into  accord  with  those  of  Captain  Floyd,  it  is  necessary  to 
make  a  correction  for  difference  of  datum. 

High  and  low  water  of  Clear  Lake. 


Year. 

High  water. 

Low  water. 

Feet. 

Inches. 

Date. 

Feet. 

Inches. 

Date. 

1884 

0 

0 

Dec.  10 

1885 

1886 

7 
4 
3 

6 
0 
4 

Jau. 
Mar. 
Apr. 

30 
17 
10 

1 

0 
0 

8 
2 

1 

Dec.  6 
Dec.  26 
Nov.  15 

1887 

1888 

1889 

4 
12 

4 
0 

Apr. 
Jan. 

8 
27 

1 

2 

4 
2 

Oct.  19 
Nov.  3 

1890 

1891 

4 

11 

Apr. 

19 

0 

9 

Nov.  29 

1892 

3 

8 

7 
0 

May 
Mar. 

22 
26 

0 
1 

3 
2 

Nov.  20 
Nov.  19 

1893 

1894 

6 

11 

Feb. 

25 

0 

10 

Nov.  10 

1895 

10 

11 

Feb. 

27 

0 

11 

Nov.  24 

1896 

6 

2 

Feb. 

1 

1 

3 

Nov.  8 

1897 

6 

4 

Apr. 

4 

0 

6 

Nov.  14 

1898 

Average 

1 

6 

Mar. 

6 

0 

0 

6 

6 

0 

11 

U.   S.    GEOLOGICAL  SURVEY 


TWENTIETH   ANNUAL  REPORT       PART  IV       PL.    LVII 


A.    BLUE    LAKE   DAM. 


B.    METHOD   OF   CONSTRUCTION    OF    BLUE   LAKE   DAM. 


NEWELL.] 


SAN   JOAQUIN    RIVER. 


529 


SAN  JOAQUIN  RIVER. 

The  head  waters  of  San  Joaquin  Eiver  receive  the  drainage  from  the 
crest  of  the  Sierra  lN"evada  in  the  vicinity  of  Mount  Whitney  and  north 
of  this.  The  fall  of  the  stream  is  rapid,  making  possible  the  devel- 
opment of  power,  and  numerous  basins  suitable  for  water  storage  are 
reported  to  exist.  A  power  plant  has  already  been  constructed  on  the 
North  Fork  of  this  river,  from  which  the  cities  of  Fresno  and  Hanford 
are  lighted  and  by  which  power  is  supplied  for  general  commercial 
purposes.  At  one  time  water  was  diverted  from  this  stream  to  irrigate 
land  north  of  Fresno,  the  dam  being  located  near  Pollasky.  This  washed 
out,  and  since  that  time  no  water  has  been  used  for  irrigation  except  on 
the  lower  portion  of  the  stream.  It  is  believed  that  the  deficiency  of 
water  in  the  district  surrounding  Fresno  can  be  supplied  from  San 
Joaquin  Eiver  with  its  ample  storage  facilities,  which  are  in  contrast 
to  the  relatively  limited  opportunities  of  development  on  Kings  Eiver. 


Estimated  mo7ithly  discharge  of  San  Joaquin  Eiver  at  Merndon,  California. 

[Drainage  area,  1,637  square  miles.] 


Month. 


1898. 
January  . . . . 
February  . . . 

IMarcli 

April 

JMay 

June 

July 

August 

September  . . 

October  

November . .  . 
December  .. . 

The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

763 

530 

658 

1,425 

530 

842 

1,242 

763 

908 

5,846 

1,018 

2,944 

5,141 

2,262 

3,206 

3,744 

1,730 

2,718 

1,730 

530 

959 

610 

350 

480 

1,882 

220 

363 

763 

350 

509 

350 

290 

308 

1,181 

240 

384 

5,846 

220 

1,190 

Total  in  acre- 
feet. 


40,  459 

46,  762 

55,  831 

175, 180 

197, 131 

161,  732 

58,  967 

29,  514 

21,  600 

31,  297 

18,  327 

23,  611 


860,  411 


Kun-off. 


Depth  in 
inches. 


0.46 
0.54 
0.64 
2.01 
2.26 
1.85 
0.68 
0.33 
0.24 
0.36 
0.21 
9.26 


9.84 


Second- 
feet  per 
square 
mile. 


0.40 
0.51 
0.56 
1.80 
1.96 
1.66 
0.59 
0.29 
0.22 
0.31 
0.19 
0.24 


0.73 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  183; 
measurements,  page  185;  rating  table,  page  186;  resultsforl897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  190,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  514. 
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Fig.  211. — Discharge  of  San  Joaquin  River  at  Herudon,  California,  1895-1898. 

STANISLAUS   RIVER. 

Estimated  monthly  discharge  of  Stanislaus  River  at  Oakdale.  California. 

[Drainage  area,  1,051  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 
January  .  . . . 
February  . . . 

March 

April 

May 

Juuo 

July 

August 

September  . . 

October 

November 

December 

The  year 


336 

1,372 


Mini- 
mum. 


1,000 

3,920 

2,540 

880 

384 

100 

100 

100 

100 

315 

3,920 

74 

156 

336 

536 

536 

480 

74 

27 

50 

74 

50 

74 


27 


Mean. 


207 
389 
572 

1,813 

1,378 

647 

167 

66 

61 

77 

71 

139 


466 


Total  in  acre- 
feet. 


"Run-off. 


Depth  in 


Second - 
feet  per 


inches,    i     square 
'       mile. 


12,  728 

21,  604 

35, 171 

107,  881 

84,  730 

38,  499 

10, 268 

4, 058 

3,630 

4,735  i 

4,225 

8,547 


0.23 

0.39 

0.62 

1.93 

1.51 

0.69 

0.18 

0.07 

0.07 

0.08. 

0.08 

0.15 


336,  076 


6.00 


0.20 
0.37 
0.54 
1.73 
1.31 
0.62 
0.16 
0.06 
0.06 
0.07 
0.07 
0.13 


0.44 


Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  182; 
measurements,  page  185 ;  rating  table,  page  186;  results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  187,  and  in  the  Nineteenth  Annual  report,  Part  IV,  page  510. 
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Fig.  212. — Discliargo  of  Stanislaus  River  at  Oakdale,  California,  1898. 

TUOLUMNE    KIVEK. 

Tuolumne  River  rises  on  the  western  or  coast  slope  of  the  Sierra 
Nevada,  its  liead  waters  reaching  up  to  the  crest  of  the  mountains 
in  Tuolumne  County.  The  river  is  fed  largely  from  small  mountain 
lakes  occurring  high  in  the  drainage  basin,  where  snow  remains  upon 
the  slopes  throughout  the  year ;  the  opportunities  for  water  storage 
are  thus  exceptionally  good.  The  stream  has  a  heavy  fall  and  the 
opportunities  for  power  development  are  excellent.  The  distances 
from  centers  of  population  are  also  such  that  electrical  power  thus 
obtained  will  probably  have  a  ready  market.  During  spring  high 
water,  which  occurs  from  the  first  of  April  to  the  first  of  July,  the 
lower  course  of  the  river  is  navigable  to  the  town  of  Modesto,  and 
boats  have  occasionally  come  up  to  this  point,  river  improvements 
having  been  made  for  this  purpose. 

Throughout  a  considerable  part  of  the  drainage  basin  are  a  numoer 
of  mines.  The  stream  crosses  the  Mother  Lode,  and  numerous  quartz 
mills  have  been  built.  The  auriferous  gravels  near  Lagrange  have 
been  extensively  worked  and  are  still  operated  to  a  limited  extent,  a 
mining  ditch  diverting  24  second-feet  of  water  being  in  use  near 
Lagrange.  The  volume  of  the  river  at  this  point  is  given  in  the  fol- 
lowing table  and  is  shown  diagrammatically  in  fig.  213.  This  table 
does  not  include  the  quantity  of  water  flowing  in  the  mining  ditch,  as 
this  is  taken  out  above  the  point  of  measurement. 
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Estimated  monthly  discharge  of  Tuolumne  Biver  at  Lagrange,  California. 

[Drainage  area,  1,501  square  miles.] 


M  on  til. 


1898. 

January  

February  

March. 

April 

May 

June 

July 

August 

September  .  . . . 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


750 

2,  500 

2,060 

7,800 

6,960 

3,280 

750 

100 

88 

88 

82 

2,060 


7,800 


Mini- 
mum. 


300 
300 

750 

1,270 

2,280 

750 

88 

76 

0 

32 

16 

32 


0 


Mean. 


454 

900 

1,  224 

4,014 

4,620 

2,247 

277 

85 

20 

52 

39 

256 


1,182 


Total  in  acre- 
feet. 

27, 

916 

49, 

983 

75, 

261 

238,849 

284, 

075 

133, 

705 

n, 

032 

5, 

226 

1, 

190 

3, 

197 

9 

-J 

321 

15, 

741 

854, 

496 

3inn-otf. 


Depth  in 
inches. 


0.35 
0.63 
0.94 
2.78 
3.55 
1.73 
0.21 
0.07 
0.01 
0.04 
0.03 
0.20 


10.54 


Second - 

feet  per 

square 

mile. 


0.30 
0.60 
0.82 
2.67 
3.08 
1.50 
0.19 
0.06 
0.01 
0.03 
0.03 
0.17 


0.79 


Note. — Gage  heights  for  1898  are  given  in  AVater-Supply  and  Irrigation  Paper  No.  28,  page  183; 
measurements,  page  18.5;  rating  table,  page  186;  results  for  1897  in  Water- Supply  and  Irrigation 
Paper  No.  16,  page  188,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  512. 
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Fig.  213,— Discharge  of  Tuolumne  Hiver  at  Lagrange,  California,  1895-1898. 
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On  the  head  waters  of  TnolumDe  Eiver  are  a  number  ot  reservoir  sites, 
some  of  which  may  be  made  of  importance  in  the  development  of  the 
lands  in  San  Joaquin  Valley.  On  PI.  LVIII,  A,  is  shown  a  view  of  one 
of  the  small  bodies  of  water,  Lake  Tenaya,  tributary  to  Merced  Eiver, 
and  at  ^  is  a  view  looking  south  across  Tuolumne  meadows,  where  it  has 
been  proposed  to  construct  a  storage  reservoir.  A  preliminary  survey 
of  these  and  other  reservoir  sites  has  been  made,  the  results  being  shown 
in  the  Thirteenth  Annual  I^eport,  Part  III,  beginning  on  page  398.  A 
map  of  Lake  Tenaya,  with  i^lan  and  j^rofile  of  dam  site,  is  given  on  PI. 
CLXXYIII,  page  404,  of  that  volume.  This  lake  is  situated  on  the  Tioga 
road,  its  location  being  shown  on  the  Mount  Lyell  atlas  sheet.  The  pre- 
liminary estimates  indicate  that  23,000  acre-feet  can  be  stored  in  this 
basin  at  a  cost  of  from  $55,000  to  $90,000,  according  to  the  type  of  dam 
constructed.  The  view  given  on  the  accompanying  plate  (PI.  LYIII,  A) 
is  looking  southwesterly,  across  the  lake,  toward  the  outlet.  This  dis- 
charges into  Tenaya  Greek,  which  flows  southwesterly  and  enters  Merced 
River  at  the  head  of  the  Yosemite  Yalley ;  it  is,  however,  typical  of  small 
lakes  on  Tuolumne  River. 

Tuolumne  Meadows,  a  view  of  a  portion  of  which  is  given  on  PL 
LYIIl,  B,  are  near  Lake  Eleanor,  but  are  on  the  upper  head  waters  of 
Tuolumne  River.  The  location  of  these  meadows  is  shown  on  the  Mount 
Lyell  atlas  sheet,  and  a  more  detailed  map  is  given  in  the  Thirteenth 
Annual  Report,  Part  III,  on  PI.  OLXXYII,  accompanied  by  a  plan  and 
profile  of  the  dam  site.  The  main  dam  proposed  is  870  feet  long  and  75 
feet  high,  there  being  also  three  lateral  dams — 250  feet  long  and  18  feet 
high,  515  feet  long  and  65  feet  high,  and  710  feet  long  and  45  feet  high, 
respectively.     The  capacity  of  the  reservoir  is  placed  at  43,185  acre-feet. 

The  most  notable  uses  of  the  waters  of  Tuolumne  River  are  those  pro- 
posed by  the  Turlock  and  Modesto  irrigation  districts,  the  dam  and  head- 
works  being  placed  about  3  miles  above  the  town  of  Lagrange.  A  general 
view  of  this  dam  is  given  in  fig.  63  of  the  Eighteenth  Annual  Report, 
Part  lY,  page  378,  the  structure  being  described  by  Mr.  James  D. 
Schuyler  and  illustrated  on  page  686  of  the  same  volume.  Heading 
at  this  diversion  dam  are  canals,  one  on  each  side  of  the  river,  that  for 
the  Turlock  district  being  on  the  south  or  left-hand  side  of  the  stream, 
the  location  being  shown  on  the  Sonora  atlas  sheet.  This  canal  has  a 
capacity  of  approximately  1,200  cubic  feet  per  second.  It  heads  in  a 
tunnel  opening  above  the  dam  and  from  this  discharges  through  a  side- 
hill  structure  exceedingly  difficult  to  maintain.  Yiews  of  the  Lagrange 
dam  with  water  pouring  over  its  crest  are  shown  on  the  accompanying 
PI.  LIX,  A  and  B;  the  first  of  these  {A)  being  taken  before  the  struc- 
ture was  complete.  The  canal  on  the  north  or  right  hand  side  of  the 
river  for  the  Modesto  irrigation  district  has  not  been  finished,  the  dis- 
trict having  been  in  litigation  since  its  organization. 
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KINGS    RIVER. 


Kings  Kiver  rises  on  the  western  slope  of  the  Sierra  N^evada  Range, 
in  Fresno  County.  The  water  coming  from  this  high  catchment  basin 
is  probably  of  greater  value  for  irrigation  purposes  than  that  of  any 
other  stream  in  central  California,  being  used  extensively  for  the  rais- 
ing of  grapes  and  deciduous  fruits  in  the  neighborhood  of  Fresno,  Selma, 
and  Hanford.  Outside  of  southern  California  this  area  is  more  highly 
developed  by  irrigation  than  any  other  portion  of  the  State.  The  river 
has  a  relatively  gentle  grade,  affording  little  opportunity  for  i)ower 
development.  Mining  is  carried  on  only  to  a  small  extent.  A  consid- 
erable number  of  irrigation  canals  divert  water  from  the  river  below  the 
point  where  it  issues  from  the  mountains,  these  being  described  in 
Water-Supply  Paper  No.  18,  beginning  on  page  39.  Measurements  of 
the  volume  of  Kings  River  have  been  made  at  two  points — Kingsburg 
and  Red  Mountain. 

Kingsburg  station  on  Kings  River  is  described  on  page  192  of  Water- 
Supply  and  Irrigation  Paper  Ko.  16,  also  on  page  181  of  Water-Supply 
and  Irrigation  Paper  ^o,  28.  Results  for  1897  are  given  on  page  520 
of  the  I^ineteenth  Annual  Report,  Part  IV.  Gage  heights  for  1898  are 
given  on  page  184,  and  measurements  on  page  185,  of  Paper  No.  28. 
No  rating  table  for  1898  has  been  constructed  owing  to  the  fact  that 
repeated  eftbrts  to  establish  some  relation  between  heights  of  water  on 
the  gage  and  volumes  discharged  or  areas  of  cross  section  to  volumes 
discharged  have  failed  by  reason  of  the  manipulation  of  the  head  gates 
below. 

On  the  accompanying  plate  (PI.  LX,  A)  is  a  view  of  Kings  River  at 
the  Southern  Pacific  Railway  crossing  near  Kingsburg,  showing  the 
locality  at  which  measurements  of  the  river  are  made.  On  the  same 
plate  at  B  is  a  view  of  the  Sanger  Lumber  Company's  flume  at  Sanger, 
California.  This  takes  water  from  a  branch  of  Kings  River  near  the 
General  Grant  National  Park,  the  flume  being  over  50  miles  in  length. 
On  the  next  plate  (PI.  LXI,  B)  is  a  view  of  the  Fowler  Switch  Canal 
near  Sanger,  California,  showing  the  efl'ect  of  velocities  too  great  for 
the  bed  of  the  canal. 

Red  Mountain  station  is  located  15  miles  east  of  Sanger,  California, 
and  southwest  of  Red  Mountain.  It  is  at  what  is  called  Lower  Section 
No.  9  of  the  lumber  flume,  and  is  above  all  canal  diversions.  The  fol- 
lowing table,  on  page  535,  gives  the  results  obtained  by  Mr.  J.  B.  Lip- 
pincott  during  1898,  and  fig.  214  shows  graphically  the  fluctuations  of 
the  stream. 
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Estimated  monthly  discharge  of  Kings  River  at  Red  Mountain,  California. 

Drainage  area,   1,775  square  miles. 


Month. 


1898. 

January 

February 

March  

April 

May  

June    

July 

August 

September  .. 

October  

November... 
December  ... 

The  year 


Discharge  in  second -feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

624 

440 

506 

31, 113 

0.33 

0.29 

1,170 

480 

705 

39, 154 

0.41 

0.40 

1,170 

520 

895 

55,  032 

0.58 

0.50 

7,820 

1,036 

3,547 

211,061 

2,23 

2.00 

6,520 

2,450 

3,536 

217,  422 

2.29 

1.99 

3,280 

1,310 

2,122 

126,  267 

1.34 

1.20 

1,310 

440 

696 

42,  796 

0.45 

0.39 

400 

215 

320 

19,  676 

0.21 

0.18 

780 

145 

204 

12, 139 

0.13 

0.12 

728 

215 

320 

19,  676 

0.21 

0.18 

285 

215 

231 

13,  745 

0.14 

0.  13 

1,450 

180 
145 

315 

19,  369 

0.21 

0.18 

7,820 

1,116 

807,  450 

8.53 

0.63 

Note.— Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  184, 
measurements,  185,  and  rating  table,  page  18G;  results  for  1897  in  "Water-Supply  and  Irrigation 
Paper  No.  16,  page  191,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  518. 
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i'lG.  214. — Discharge  of  Kings  River  at  Red  Mountain,  California,  1898. 


536  PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 

The  accompanying  PI.  LXI,  A,  gives  a  view  on  what  is  known  as  the 
Church  ditch,  near  Oenterville,  California.  This  is  the  local  name  given 
the  Fresno  Canal  and  Irrigation  Company's  works,  one  of  the  principal 
irrigating  systems  from  Kings  River.  Its  location  is  shown  on  PI.  lY 
of  Water- Supply  Paper  No.  18,  and  a  general  description  is  given  on 
pages  43  to  47  of  the  same  publication.  The  Fowler  Switch  Canal,  a 
portion  of  whose  eroded  channel  is  shown  on  PL  LYI,  B,  is  also 
described  in  Water- Supply  Paper  No.  18,  beginning  on  page  48.  The 
excessive  gradient  given  these  ditches,  particularly  in  their  upper 
section,  results  often  in  disastrous  consequences  and  in  large  cost  for 
repairs. 

KERN   RIVER. 

Kern  River  flows  from  the  southern  end  of  the  Sierra  Nevada, 
being  formed  by  two  large  tributaries,  known  as  the  North  and  South 
forks.  These  have  a  general  southerly  and  parallel  course,  and  unite  a 
short  distance  below  the  town  of  Kernville.  The  run-off  from  the 
drainage  basin  as  a  whole  is  notably  less  than  that  from  the  catchment 
areas  to  the  north.  This  is  probably  due  to  the  fact  that  a  portion  of 
the  basin  is  to  the  east  of  the  high  crest,  and  is  sheltered  by  the  moun- 
tain mass  from  the  rain-bearing  winds.  The  waters  of  Kern  River 
are  almost  completely  used  for  irrigation  by  the  large  canals  in  the 
southern  end  of  the  San  Joaquin  Yalley.  The  greater  part  of  the  land 
is  included  in  large  holdings  owned  by  the  Kern  County  Land  Company 
or  by  the  Miller  and  Lux  estate.  The  summer  flow  of  the  river  during 
the  last  two  or  three  years  has  been  the  lowest  known,  and  has  been 
below  the  demands  of  the  irrigators.  The  winter  waters  are  in  part 
stored  by  the  Miller  and  Lux  estate  in  Buena  Yista  Lake,  into  which 
the  river  naturally  discharges.  The  waters  of  this  lake  are  controlled 
by  a  system  of  levees,  so  that  they  can  be  used  during  the  following 
summer  to  irrigate  lands  lying  to  the  northwest.  This  lake  is  very 
broad  and  shallow  and  there  is  great  loss  by  evaporation,  so  that  as  a 
matter  of  economy  It  would  be  desirable  to  hold  this  water  in  the  upper 
mountain  valleys;  this  would  afford  also  a  large  supply  for  water  power. 

The  fall  of  Kern  River  is  sufficiently  large  for  the  development  of  a 
considerable  amount  of  water  power.  One  plant  for  this  purpose  has 
already  been  constructed  at  the  mouth  of  the  canyon,  furnishing  light 
and  power  for  the  town  of  Bakersfield.  A  description  and  view  of  the 
works  are  given  in  the  Nineteenth  Annual  Report,  Part  lY,  beginning 
on  page  524.  Other  projects  are  in  an  advanced  stage  for  furnishing 
power  to  the  city  of  Los  Angeles  by  a  transmission  line  108  miles  in 
length  in  one  case  and  about  120  miles  in  the  other.  As  ordinary 
bituminous  coal  costs  $8  a  ton  in  Los  Angeles,  the  introduction  of 
cheap  electric  power  for  manufacturing  and  other  purposes  is  of  the 
highest  importance  in  connection  with  the  commercial  development  of 
that  city.     The  opportunities  for  storage  on  Kern  River  are  excellent, 
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large  meadows  being  found  in  the  higher  portion  of  the  stream,  with 
narrow  outlets  offering  opportunities  for  the  economical  construction 
of  dams,  notably  at  Monache  Meadow. 

Measurements  of  the  South  Fork  of  Kern  Kiver  were  made  on  July 
10  to  17, 1898,  at  points  shown  by  the  accompanying  fig.  215.  The  first 
of  these,  marked  No.  1,  was  at  a  point  700  feet  above  the  junction,  giv- 
ing a  flow  of  a  trifle  less  than 
13  second-feet;  at  the  point 
marked  No.  2  the  North  Fork 
was  measured,  showing  a  dis- 
charge of  330  second-feet;  at 
the  point  indicated  as  No.  3, 
near  the  old  engineer  camp, 
the  flow  was  a  little  less  than 
18  second-feet;  at  No.  4,  in 
sec.  6,  T.  22  S.,  K.  36  E.,  the 
flow  was  10  second-feet;  at 
No.  5,  the  outlet  of  Monache 
Lake,  the  discharge  was  5.3 
second-feet.  On  August  29, 
at  what  is  known  as  "  the 
first  point  of  measurement," 
near  Bakersfield,  the  dis- 
charge was  estimated  to  be 
115.6  second-feet. 

Kern  River  during  1898  has 
been  measured  at  a  point  7 
miles  northeast  of  the  town 
of  Bakersfield,  California,  and 
12  miles  below  the  mouth  of 
the  canyon,  the  drainage  area 
being  2,345  square  miles. 
This  station  was  originally 
established  in  1893  by  the 
Kern  County  Land  and  Water 
Company,  Walter  James 
being  chief  engineer  and  A.  K. 
Warren  engineer  in  charge. 
The  results  are  given  by  the 
land  company  for  publication.  The  method  of  procedure  is  described 
in  the  Eighteenth  Annual  Report,  Part  lY,  page  395.  The  measure- 
ments during  1898  have  been  carefully  made  and  the  table  of  monthly 
discharge  is  given  below.  The  record  for  1896  and  1897  and  a  descrip- 
tion of  the  power  plants  on  Kern  River  are  given  in  the  Nineteenth 
Annual  Report,  Part  lY,  page  524. 


Fig.  215.- 


-Location  of  measurements  on  South  Fork  of 
Kern  River. 
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Estimated  monthly  discharge  of  Kern  River  at  Bakersfield,  California. 

[Drainage  area,  2,345  square  miles.] 


Month. 


1898. 

January 

February. . 

March 

April 

May 

June 

July 

August. 

September 
October  . . . 
November  . 
December  . 


Discbarge  in  second- feet. 


Maxi- 
mum. 


The  year 1,  342 


400 
923 
485 
1,342 
980 
686 
416 
142 
294 
232 
188 
314 


Run-off, 


Mini- 
mum. 


311 
316 
304 
371 
560 
394 
127 
86 
80 
127 
136 
147 


80 


Mean. 


Total  in  acre- 
feet. 


363 
434 
388 
710 
735 
551 
244 
120 
116 
160 
166 
199 


22,  320 
24, 103 

23,  857 
42,  247 
45, 193 
32,  786 
15,  003 

7,378 
6,902 
9,838 
9,877 
12,  236 


Depth  in 
inches. 


348 


251,  743 


0.17 
0.20 
0.20 
0.33 
0.36 
0.26 
0.12 
0.06 
0.06 
0.  08 
0.08 
0.09 


Second- 

ieet  per 

square 

mile. 


0.15 
0.19 
0.17 

0.30 
0.31 
0.23 
0.10 
0.05 
0.05 
0.07 
0.07 
0.08 


2.01 


0.  Ir 


Fig.  216 — Discharge  of  Kern  River  at  Bakersfield,  California,  1894-1897. 

S0UTHER:N^  CALIFORIN^IA  DRAIiN^AGE. 

Under  the  head  of  Southern  California  drainage  have  been  included 
facts  obtainable  concerning  the  streams  of  this  part  of  the  State  south 
of  the  San  Joaquin  Basin.  There  are  thus  included  the  streams  which 
flow  from  the  mountains  north  of  Los  Angeles  and  San  Bernardino  into 
the  Mohave  Desert,  a  portion  of  the  Great  Interior  Basin,  as  well  as 
those  flowing  toward  the  south  or  southwest,  whose  waters,  in  times  of 
flood  at  least,  reach  the  Pacific  Ocean. 
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The  principal  streams  flowing  into  or  toward  the  Mohave  Desert  are 
Littlerock  Creek,  Bigroek  Creek,  and  Mohave  Kiver.  Each  of  these, 
thougli  small  in  size,  is  of  considerable  importance  in  the  utilization 
of  the  rich  arid  lands  of  this  area.  Storage  systems  have  been  planned 
upon  each  of  these,  that  upon  Littlerock  Creek  having  already  been 
completed,  as  described  by  Mr.  J.  D.  Schuyler  in  the  Eighteenth  Annual 
Report,  Part  IV,  pages  711  to  715.  In  the  same  report  reference  is 
made  to  a  proposed  storage  reservoir  at  Victor,  on  Mohave  River. 
The  following  statements  have  been  taken  from  a  report  by  Mr.  J.  B. 
Lippincott: 

The  drought  condition  described  on  a  preceding  page  in  connection 
with  the  Sacramento  and  San  Joaquin  rivers  was  felt  even  to  a  greater 
degree  in  southern  California.  The  record  of  precipitation  for  Los 
Angeles  for  twenty-seven  years  does  not  show  a  group  of  conditions 
similar  to  those  prevailing  during  the  last  decade.  Certainly  the 
scarcity  of  water  for  the  last  three  or  four  years  has  no  equal  in  its 
recorded  annals,  and  no  such  condition  is  known  to  have  existed  among 
the  Spanish  settlers,  save  by  tradition.  This  unfavorable  situation, 
while  it  has  diminisiied  the  amount  of  water  which  was  available,  has  by 
the  law  of  supply  and  demand  enhanced  the  value  of  that  which  did 
exist.  With  but  one  exception  (the  Riverside  Water  Company)  an 
instance  is  not  called  to  mind  in  the  State  where  the  water  corporations, 
irrigation  districts,  or  cooperative  water-supply  companies  have  fur- 
nished the  customary  amount  of  water  or  that  which  was  contracted  for. 
For  instance,  according  to  local  papers,  the  Bear  Valley  Irrigation  Com- 
pany, in  the  San  Bernardino  Valley,  during  the  past  season  has  fur- 
nished from  one-third  to  one-fourth  of  the  contracted  amount  of  water, 
and,  neglecting  existing  contracts,  charged  25  cents  per  miner's  inch  for 
a  run  of  twenty-four  hours  delivering  these  dehcient  amounts.  This 
would  amount  to  about  $5  per  acre  per  season  if  the  full  amount  was 
given  on  a  basis  of  1  miner's  inch  to  supply  10  acres.  From  $100  to 
$200  has  been  paid  for  water  on  a  number  of  occasions  for  a  run,  or 
irrigation  head,  of  100  miner's  inches  flowing  twenty-four  hours. 

The  records  of  a  period  of  this  character  are  of  course  of  the  great- 
est interest  to  the  users  of  water  whose  crops  and  orchards  are  dependent 
upon  this  supply,  as  well  as  to  investors  in  large  works.  On  the  other 
hand,  it  may  readily  be  seen  that  the  water  companies  themselves  may 
not  desire  to  have  records  of  this  character  made  public.  The  data 
acquired  for  the  period  of  this  severe  drought  are  therefore  of  particular 
value.  While  assistance  has  been  kindly  rendered  in  the  past  by  vari- 
ous corporations  by  compiling  the  records  of  stream  flow,  some  of  them 
do  not  feel  inclined  in  this  instance  to  give  records,  and  in  a  few  cases 
individuals  go  so  far  as  to  intimate  that  they  will  dispute  the  records 
as  inaccurate  in  case  they  are  published. 


540 


PROGRESS    OF    STREAM    MEASUREMENTS    FOR    1898. 


LITTLEROCK  CREEK. 

The  point  of  measurement  of  Littlerock  Creek  has  been  described  in 
the  Eighteenth  Annual  Eeport,  Part  IV,  page  402,  computations  of  dis- 
charge being  made  in  the  flume  taking  the  entire  flow  of  the  stream. 
The  results  of  the  measurements  during  1898  are  given  by  Mr.  Burt  Cole. 
The  small  amount  flowing  from  June  to  September,  inclusive,  is  not 
taken  into  consideration,  as  at  no  time  did  it  exceed  2  second-feet  except 
for  a  few  hours  on  August  11,  when  a  cloud-burst  gave  a  discharge  of 
probably  100  second-feet  for  two  hours.  The  water  rose  at  4  p.  m.,  but 
before  6  p.  m.  it  had  visibly  decreased,  and  at  7  p.  m.  on  August  12  the 
creek  was  at  its  normal  condition. 

Estimated  monthly  discharge  of  Littlerock  Creek  at  Palmdale,  California. 

[Drainage  area,  78  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run -off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second-feet 

per  square 

mile. 

1898. 
January  

12.1 

20.0 

6.4 

7.4 

19.2 

5.5 
5.0 
5.8 
3.7 
1.9 

6.06 
7.00 
6.04 
6.10 
5.20 

373 
389 
371 
364 
319 

0.09 
0.09 
0.09 
0.09 
0.08 

0.08 
0.09 
0.08 
0.08 
0.07 

Februarv  '. . 

March 

April . .. 

May  a 

a  Dry  from  June  to  December,  inclusive,  except  on  Aug.  11,  when  a  cloud-burst  occurred,  which 
probably  amounted  to  100  second-feet  for  two  hours. 

Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  186; 
measurements,  page  189;  rating  table,  page  190.  Results  for  1897  in  Water-Supply  and  Irrigation  Paper 
No.  16,  page  193,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  526. 

SANTA  CLARA  RIVER. 

Santa  Clara  River  receives  the  drainage  of  the  western  portion  of 
the  San  Gabriel  Range  and  the  southern  slopes  of  the  Ventura  high- 
lauds.  The  main  stream  flows  in  a  general  westerly  course  and  empties 
into  the  Pacific  Ocean  near  San  Buenaventura.  The  head- water  streams 
are  adjacent  to  the  Mohave  Desert,  and  the  topography  is  such  that 
one  or  more  of  them  may  be  developed  toward  the  western  slope  to 
irrigate  lands  in  Antelope  Yalley,  as  described  by  Mr.  James  D.  Schuy- 
ler in  the  Eighteenth  Annual  Report,  Part  IV,  on  page  711.  He  states 
that  the  waters  of  Pirn  Creek,  a  tributary  of  this  river,  can  be  held  in 
reservoirs  at  favorable  localities  and  when  discharged  into  the  channel 
can  be  taken  out  at  a  lower  point  by  means  of  a  canal  leading  over  the 
divide  either  into  Antelope  Valley  or  San  Joaquin  Valley.  Several 
measurements  of  the  waters  of  this  stream  were  made  during  1898  by 
Mr.  F.  H.  Olmsted,  as  shown  in  the  following  table. 
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Measurements  of  Santa  Clara  River  and  tributaries. 


Date. 

1898 

June 

18 

Aug. 

11 

Aug. 

9 

Aug. 

11 

Name  of  river. 


Santa  Clara. 

....do 

....do 


Sespe  

Piru 

San  Francisquito 


Locality. 


Camulos  ranch 

2  miles  east  Camulos 

Flume  one-half   mile  aboA-e 
San  Francisquito  Creek. 

Division  Point 

French  House 


Area  of 
section. 

Mean 
•velocity. 

Discharge. 

Sq.feet. 

Ft.pr.sec. 

Sec.  feet. 

9.57 

2.15 

25.74 

9.23 

1.88 

17.  :]6 

9.00 

1.20 

10.83 

2.66 

0.92 

2.46 

1.46 

0.53 

0.92 

1.84 

1.12 

2.07^ 

LOS    ANGELES    RIVER. 

Los  Angeles  Eiver  heads  immediately  south  of  the  drainage  basin  of 
Santa  Clara  River,  various  tributaries  receiving  waters  from  the  hills 
surrounding  the  San  Fernando  Plains.  At  the  lower  end  of  these 
plains  the  river  cuts  through  a  canyon,  near  the  lower  mouth  of  which 
the  city  of  Los  Angeles  has  been  placed.  This  valley  above  the  city  is 
one  of  several  localities  in  southern  California  where  the  conditions 
are  extraordiuarily  favorable  to  the  conservation  of  a  small  water  sup- 
ply. In  these  localities  mountain  streams  issuing  from  canyons  have 
filled  the  valleys  with  bowlders  and  debris.  Similar  conditions  are 
found  in  the  Santa  Ana  Valley  above  Colton  and  again  above  Rincon, 
and  in  the  San  Gabriel  Valley  above  Monte.  In  each  instance  these 
gravel- filled  valleys  have  been  contracted  at  their  lower  end  by  inter- 
cepting ranges  of  low  hills  or  by  beds  of  impervious  materials.  The 
rivers  entering  the  upper  portion  of  these  valleys  discharge  winter  floods 
upon  the  porous  gravel  beds,  into  which  the  waters  rapidly  sink,  form- 
ing great  gravel-filled  reservoirs.  The  water,  of  course,  can  not  behave 
as  in  an  open  basin,  but,  being  retarded  by  the  friction  of  the  bowlders 
or  by  adhesion  to  the  surface  of  the  rock  particles,  moves  slowly  toward 
the  lower  outlet,  assuming  a  slope  which  varies  under  different  con- 
ditions. The  discharge  at  the  lower  outlet,  owing  to  this  retarding  of 
the  flow,  is  of  remarkable  uniformity.  For  example,  Los  Angeles  River, 
in  spite  of  the  extraordinary  drought,  was  discharging  during  the  spring 
of  1899  within  10  or  20  per  cent  of  the  quantity  carried  ten  years  pre- 
viously, when  the  available  water  supply  in  all  the  streams  was  far 
greater.  The  district  of  Riverside,  which  obtains  its  water  supply  from 
a  source  of  similar  character,  had  even  more  water  than  during  the  pre- 
ceding years,  owing  to  the  excessive  irrigation  practice  upon  the  bench 
lands  of  the  upper  rim  of  the  valley.  There  is  great  regularity  in  the 
daily  flow  of  these  streams,  and  thus  little  necessity  for  frequent  meas- 
urements; in  fact,  three  or  four  gagings  a  year  will  give  a  fair  concep- 
tion of  the  amount  delivered.  Measurements,  therefore,  for  Los  Angeles 
River  at  Bridge  No,  2,  a  short  distance  above  the  city,  also  of  the  San 
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Gabriel  at  Monte  and  of  the  Santa  Ana  rivers  near  Colton  and  Eincon, 
are  of  interest  as  showing  this  flow  from  underground  sources. 

Measurements  of  the  Los  Angeles  River  have  been  made  under  the 
direction  of  the  city  engineer  of  Los  Angeles,  as  noted  in  the  Eighteenth 
Annual  Report,  Part  IV,  on  pages  413  to  415.  The  results  obtained  at 
Weir  Ko.  5,  which  is  4.87  miles  above  the  north  boundary  of  the  city, 
immediately  above  the  Crystal  Springs,  and  at  Bridge  'No,  2,  which  is 
about  1,200  feet  below  Weir  No.  5,  and  which  shows  the  same  volume, 
when  corrected  for  the  diversion  at  a  higher  point  of  the  main  supply 
or  woolen  mill  ditch  and  for  the  Glassell  tributary,  which  enters  1,000 
feet  below  Bridge  IS'o.  2,  are  considered  to  be  fairly  representative  of 
the  flow  of  the  stream. 

This  volume  varies  but  slightly  from  time  to  time,  as  shown  by  the 
following  figures: 


Discharge  of  Los  Angeles  lUver  at  a  point  about  4  miles  above  the  city  limits  of  Los 

Angeles,  California. 


1896.  Sec-feet. 

August 69 

Sefjtember 72 

October 67 

November 69 

December 70 

1X97. 

January  73 

February  1-12 85 

May 64 

June 60 

July 63 

August 60 

September 56 

October 63 

November 53 


1898. 


January  . 
February 


68 
69 


Sec. -feet. 

March  15 65 

March  19 66 

March  21 67 

June  28 60 

September  11 61 

October  26 64 

November  4 59 

November  29 62 

December  7 61 

December  11 61 

December  19 65 

December  21 61 

1899. 

January  5 67 

February  14 61 

February  25 67 

March  11 63 

March  25 61 

April  29 52 


The  above  figures  of  flow  of  Los  Angeles  River  were  obtained  by 
computation  made  originally  on  weirs  placed  in  the  river,  and  later 
from  meter  measurements  at  flumes  with  bridges  placed  across  the 
channel.  A  number  of  corrections  have  been  applied  on  account  of 
diversions  of  the  water  and  return  by  seepage,  as  well  as  inflow  from 
various  places.  Comparatively  few  floods  reach  the  river  channel,  the 
San  Fernando  Yalley  above  the  city  acting  as  a  regulator  to  the  flow 
of  the  river,  the  stream  on  the  surface  remaining  constant,  and  the 
water  plane  or  plane  of  saturation  rising  and  falling  according  as  the 
mountain  rains  are  large  or  small  in  the  valley.    The  figures  in  the 
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table  are  given  in  whole  numbers  from  the  detailed  estimate  prepared 
by  Messrs.  J.  B.  Lippincott,  A.  Q.  Campbell,  and  H.  P.  Yincent  for  the 
city  engineer. 

In  the  following  list  is  given  results  of  low-water  measurements  made 
at  various  points  on  Los  Angeles  River  and  its  tributaries: 

Besulis  of  low-water  measurements  on  Los  Angeles  River  and  its  trihntaries. 


Date. 

1 
1898.   i 

June 

24 

24 

24 

Aug. 

10 

10 

10 

10 

10 

15 

15 

15 

11 

Sept. 

16 

16 

16 

16 

16 

Oct. 

14  1 

Name  of  river. 


Los  Angeles  . . . 

do 

'do 

do 

do 

do 

do 

.....do 

do 

do , 

do 

Little  Tujunga 
Arro3'0  Seco  . . . 


.do 


.do 

.do 

.do 

.do 


Locality. 


Area  of  ^    Mean      -n-„„i „„ 

sections,  velocitv.  discharge. 


Sq.  feet. 


Feet  per 
hecoiid. 


Ill  creek  below  Macy  street . . . 
Diversion  below  Zanja  No.  7. . . 

Zanja  No.  7 

New  bridge,  Weir  B 

San  Fernando  road  crossing... 

North  Caliuenga  road 

Old  bridge  No.  4 

Tujunga  Creek  junction 

Bridge  No.  2  at  narrows 

Main  supply  ditcli 

Total  river  at  Crystal  Springs. 


4.96 
4.05 
(6) 

(b) 

ib) 

ib) 

20.90 
11.08 


0.013 
1.38 


Total  flow  into  Orange  Grove  0.  318 

avenue  reservoir. 

Flume    pumped    from    Sheep  2. 32 

Corral  Springs. 

Marengo     Improvement    Co.  0. 155 

reservoir. 

Reservoir  No.  1  P.  and  L.  V.  2.  64 

L.  and  W.  Co. 

Tunnel  junction  Devils  Gate,  2.  70 

main  supply. 

Reservoir  No.  1 , 


1.85 
1.48 


1.88 
0.73 
9.50 
1.36 
1.02 


Second-feet. 

a  0.50 

0.64 

5.59 

1.32 

4.84 

9.74 

14.45 

0.87 

3P.74 

10.40 

55.14 

0.05 

0.598 

1.69 

1.47 

3.605 


(c) 


a  Approximately. 


b  Weir  measurement. 


c  Channel  dry. 


UNDERaROUND   WATER    OBTAINED   FROM   THE    BED    OF    THE   ARROYO 

SECO   AND   THE   PASADENA  MESA. 

An  examination  of  the  underground  water  supply  of  the  vicinity  of 
Pasadena  was  made  by  Mr.  J.  B.  Lippincott  in  October,  1898,  the  results 
of  which  are  given  in  the  following  j^aragraphs. 

Pasadena  Mesa,  lying  south  of  the  Sierra  Madre,  is  bounded  on  the 
west,  along  the  eastern  bank  of  the  Arroyo  Seco,  by  a  low  range  of 
granite  and  clay  hills,  on  the  south  by  Eaymond  Hill,  which  is  of 
sandstone,  and  by  a  dike,  the  capping  of  which  apparently  consists 
of  adobe  and  clay.  This  dike  extends  from  Eaymond  Hill,  on  the 
south  side  of  the  city  of  Pasadena,  in  a  direction  a  little  north  of 
east,  through  Sunny  Slope  and  Baldwin  ranches  to  the  base  of  the 
Sierra  Madre  near  the  mouth  of  Santa  Anita  Canyon.  It  has  a  south- 
ern slope  ranging  from  100  to  200  feet  in  height,  while  toward  the 
north  there  is  no  apparent  elevation.  The  mesa  proper  consists  of 
deposits  of  sand,  gravel,  and  bowlders,  the  larger  bowlders  lying  near 


544     PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1898. 

the  mountains  and  the  finer  material  near  the  southern  slope.  The 
voids  in  this  absorbent  material  act  as  a  storage  reservoir,  being  filled 
by  the  flood  waters  issuing  from  the  steep  slopes  on  the  southern  face 
of  the  Sierra  Madre.  The  underground  waters  are  reenforced  by  the 
return  water  from  irrigation  on  the  mesa.  From  1893  to  1898,  inclu- 
sive, was  a  period  of  unusual  drought,  but  most  of  the  developments 
were  new. 

The  Arroyo  Seco,  draining  21  square  miles  of  the  Sierra  Madre, 
issues  from  these  mountains  on  the  west  side  of  Pasadena  Mesa, 
passes  through  an  opening  in  a  granite  spur  known  as  Devils  Gate,  and 
joins  Los  Angeles  Eiver  at  Los  Angeles.  Between  the  point  where  the 
water  from  this  basin  issues  from  the  mountains  and  Devils  Gate  lies 
a  broad  river  bottom  2  miles  in  length,  composed  of  coarse  material. 
In  passing  over  this  the  water  sinks  rapidly,  diminishing  in  volume 
from  the  mouth  of  the  canyon  to  Devils  Gate. 

Pasadena  water  companies  have  built  extensive  development  tunnels 
above  Devils  Gate,  cross  cutting  beneath  the  eastern  bank  and  under 
the  mesa  land.  A  submerged  dam  at  Devils  Gate  assists  the  tunnel 
developments  by  intercepting  the  underflow.  An  examination  of  these 
tunnels  shows  there  is  no  imi)ervious  strata  encountered  after  the 
granite  ledge  at  Devils  Gate  is  passed.  Of  the  water  obtained  from 
these  development  works  69  per  cent  is  gaiued  from  the  portion  of  the 
tunnel  which  is  beneath  the  mesa.  A  well  4,000  feet  above  the  tunnel 
and  200  feet  deep,  in  the  bed  of  the  wash  near  the  mouth  of  the  moun- 
tain canyon  of  the  Arroyo  Seco,  and  which  previously  contained  water, 
was  drained  by  the  extension  of  this  line  of  tunnels  under  the  Pasadena 
Mesa. 

From  the  investigations  the  conclusion  is  reached  that  the  water 
from  the  Arroyo  Seco,  which  sinks  between  the  mouth  of  the  canyon 
proper  and  Devils  Gate,  passes  under  the  eastern  bank  of  the  Arroyo 
Seco  between  these  points  and  augments  the  underground  water  of  the 
Pasadena  Mesa.  Otherwise  ifc  would  be  difiScult  to  explain  the  large 
amount  of  water  which  is  obtained  from  the  lower  development  works 
at  the  southern  dike  of  the  Pasadena  Mesa.  This  mesa  is  underlain 
throughout  with  a  sheet  of  water,  sloping  from  the  foot  of  the  moun- 
tains, where  its  depth  below  the  surface  is  from  150  to  200  feet,  to 
the  dike  at  its  southern  exposure,  where  the  water  is  practically  at 
the  surface,  making  itself  manifest  in  numerous  small  springs  which 
rise  in  drainage  lines  on  the  southern  face  of  the  dike.  With  the 
exception  of  the  Arroyo  Seco  developments,  which  in  the  tabulations 
are  classified  by  themselves,  the  principal  water  product  of  this  mesa 
is  obtained  along  these  drainage  lines  from  the  springs.  Numerous 
wells  from  which  water  is  pumped  have  been  sunk  and  tunnels  run 
through  the  dike  into  the  water-bearing  gravel. 

An  interesting  feature  of  these  development  works  is  the  constant 
strife  existing  between  the  various  tunnel  and  well  owners  along  the 
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dike.  For  instance,  the  owner  of  a  certain  x)iece  of  i)roperty  discovered 
by  a  tunnel  the  presence  of  a  considerable  body  of  water  on  his  land; 
his  neighbor  to  the  south,  whose  land  is  at  a  lower  elevation,  drained 
the  first  tunnel  by  dig'f]^ing  another  on  a  lower  grade  and  extending  to 
his  northern  property  line.  This  has  been  done  repeatedly,  in  some 
cases  the  water  having  been  so  diverted  by  two  or  three  owners  in 
succession. 

The  wells  are  usually  bored  and  lined  with  7-inch  casing.     South  of 
the  Santa  Fe  railroad  a  charge  of  50  cents  a  foot  is  made  for  comi>leting 
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Fig.  217. — Map  showing  location  of  artesian  wells  in  the  vicinity  of  Pasadena,  California. 

the  first  50  feet  in  depth  of  the  well,  with  an  increase  of  50  cents  per 
foot  for  each  additional  50  feet  in  depth.  ]S"orth  of  the  railroad,  where 
the  bowlders  are  larger,  a  charge  of  from  10  to  20  per  cent  more  is 
made  for  boring.  These  prices  do  not  include  the  cost  of  casing.  The 
data  given  below  concerning  depth  of  wells  and  depth  of  water  was  in 
nearly  all  cases  obtained  from  statements  made  by  the  owner. 

In  the  following  pages  are  given  a  compilation  of  facts  with  refer- 
ence to  the  depth  of  water  in  wells  through  the  district  and  a  summary 
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of  the  water  crop  from  the  principal  development  works.  It  has  been 
impossible  to  form  an  exact  conception  of  the  amount  of  water  taken 
for  domestic  use  and  for  minor  irrigation  purposes  from  the  large 
number  of  small  wells  through  the  mesa,  but  the  water  from  the  larger 
developments  has  been  accurately  measured  and  included  in  this  sum- 
mary. The  accompanying  map  (fig.  217)  shows  the  position  of  the 
wells  and  development  works.  The  figures  refer  to  the  number  of  the 
well. 

DESCRIPTION   OF   WELLS   IN   THE   PASADENA    ftxESA.' 

1.  Gidding;  on  Colorado  street  between  Hollister  and  Chester  streets;  elevation, 
815  feet;  depth  to  water,  103  feet;  dug  mostly  through  gravel  with  no  hardpan; 
digging  cost  $1  per  foot  and  25  cents  extra  for  every  25  feet  additional;  109  feet  deep 
with  6  feet  of  water;  elevation  of  water,  712  feet. 

2.  McCallum;  Colorado  street,  in  McCallum  wash;  elevation,  785  feet;  151  feet 
deep;  was  dug  originally  83  feet;  at  90  feet  sandstone  for  10  feet;  101  feet  from  sur- 
face to  water;  SOfeetof  water ;  elevation  of  water,  684  feet;  water  raised  by  windmill. 

3.  Hoover;  a  bored  well  with  windmill;  115  feet  deep  with  17  feet  of  water;  ele- 
vation, 775  feet;  water  elevation,  077  feet. 

4.  Moses;  bored  well;  200  feet  deep;  elevation,  790  feet;  water  elevation,  684  feet; 
originally  100  feet  of  water,  now  94  feet,  commencing  106  feet  from  the  surface;  1^ 
horsepower  gasoline  engine  with  8-inch  stroke,  3-inch  cylinder,  pumping  1,000  gal- 
lons an  hour. 

5.  King;  227  feet  deep;  elevation,  800  feet;  water  elevation,  678  feet;  originally 
117  feet  of  water,  now  about  105  feet;  water  raised  by  an  engine  with  12-inch  stroke 
and  4-inch  cylinder,  pumping  2,500  gallons  per  hour. 

6.  Stevens;  121  feet  deep;  31  feet  of  water;  90  feet  to  water  surface ;  elevation, 
781  feet;  water  elevation,  618  feet;  was  dug  thirteen  years  ago. 

7.  McAdam;  150  feet  deep;  57  feet  from  surface  to  water;  elevation,  740  feet; 
water  elevation,  683  feet. 

8.  Merwin;  95  feet  deep;  55  feet  to  water;  elevation,  735  feet;  water  elevation, 
680  feet;  pump  capacity,  20  gallons  per  minute;  costs  3^  to  4  cents  an  hour  to  run 
engine  with  gasoline  at  75  cents  per  gallon. 

9.  Butler ;  bored  well ;  93  feet  deep ;  48  feet  from  surface  to  water,  originally  40 
feet;  elevation,  718  feet;  water  elevation,  670  feet. 

10.  Hutchinson ;  bored  well ;  230  feet  deep ;  36  feet  from  surface  to  water ;  eleva- 
tion, 713  feet;  water  elevation,  677  feet;  well  bored  through  clay;  pressure  comes 
from  below. 

11.  Daniels;  107  feet  deep;  40  feet  from  surface  to  water;  water,  67  feet  deep; 
elevation,  715  feet;  water  elevation,  675  feet;  strata  of  clay  and  bowlders  with 
coarse  gravel  at  bottom  was  encountered. 

12.  Hodge;  169  feet  deep;  87  feet  to  water;  elevation,  725  feet;  water  elevation, 
692  feet. 

13.  Miles;  bored  well;  225  feet  deep;  143  feet  to  water;  elevation,  835  feet;  water 
elevation,  692  feet. 

14.  Wilkeson;  177  feet  deep;  30  feet  from  surface  to  water;  elevation,  720  feet; 
water  elevation,  690  feet.  Jack  Butler,  well  borer,  says  that  wells  during  1898  were 
15  feet  lower  than  in  previous  years. 

15.  Ackerman  ;  bored  well;  149  feet  deep;  75  feet  from  surface  to  water;  elevation, 
755  feet ;  water  elevation,  680  feet. 

16.  Thorndyke;  275  feet  deep;  30  feet  from  surface  to  water ;  elevation,  705  feet; 
water  elevation,  675  feet ;  fine  clay  encountered  at  69  feet  and  73  feet  from  surface, 
the  remainder  being  gravel  strata. 

1  The  unit  of  meaaurement  is  the  California  miner's  inch,  which  is  0.02  of  1  cubic  foot  per  second. 
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17.  Lanianda  Park  ;  180  feet  deep;  originally  80  feet  from  surface  to  water;  eleva- 
tion, 740  feet;  present  water  elevation,  680  feet. 

18.  Titus;  558  feet  deep;  from  surface  to  water  4  feet,  originally  12  feet;  eleva- 
tion, 690  feet;  water  elevation,  678;  several  strata  of  cement  1  inch  thick  were 
encountered. 

19.  Butler;  175  feet  deep;  75  feet  from  surface  to  water;  elevation,  720  feet ;  water 
elevation,  645  feet. 

20.  Graves;  88  feet  deep;  40  feet  from  surface  to  water;  elevation,  720  feet;  water 
elevation,  680  feet. 

21.  Krouser;  li;}  feet  deep;  15  feet  from  surface  to  water;  elevation,  700  feet; 
water  elevation,  685  feet. 

22.  Wakefield;  60  feet  deep;  originally  20  feet  to  water,  now  30  feet;  elevation, 
703  feet;  water  elevation,  673  feet. 

23.  Pavey ;  360  feet  deep;  water  elevation,  670  feet;  originally  flowed  16  miner's 
inches  of  water;  still  flowing  but  in  less  volume. 

24.  Chapman;  flowing  well;  175  feet  deep.  There  are  about  12  flowing  wells  on 
this  ranch. 

25.  Hassleys;  500  feet  deep;  elevation,  600  feet;  originally  artesian,  but  now  cut 
by  a  tunnel  at  a  lower  elevation. 

26.  Raymond;  40  feet  to  water,  which  is  4  feet  deep  ;  water  fell  2  feet  during  sea- 
son of  1898;  91  miner's  inches  of  water  were  pumped  from  this  well  during  October, 
1898;  well  is  brick  lined  and  12  feet  in  diameter. 

27.  Marengo  tunnel;  run  into  Raymond  Hill  at  Terminal  Railway,  P'air  Oaks  sta- 
tion ;  it  is  discharging  18  miner's  inches.  This  tunnel  drained  a  small  tunnel  on  the 
west  side  of  Fair  Oaks  avenue. 

28.  Finer;  dug  well,  Ipswich  street;  depth  48  feet,  water  12  feet;  dug  in  October, 
1897;  at  first  there  was  a  supply  of  50  miner's  inches,  but  the  supply  has  diminished 
to  30  miner's  inches;  a  6-inch  centrifugal  pump  with  20-horsepower  engine  pumps 
out  the  well  in  1.5  hours. 

29.  Stoneman  tunnel;  was  first  run  in  1892;  178  feet,  and  in  summer  of  1898  was 
extended  164  feet;  flows  14.4  miner's  inches. 

30.  Graves  tunnel;  530  feet  of  tunnel  and  about  100  feet  of  ditch;  water  26  feet 
below  the  surface  of  the  ground  at  the  upper  end  ;  20  miner's  inches  of  water  obtained. 

31.  Oak  Knoll;  about  the  same  class  as  Rhodes  well  and  discharging  the  same 
amount  of  water,  4  miner's  inches. 

32.  Brickyard  well;  near  Lake  avenue,  northeast  from  Oak  Knoll;  40  feet  of  well 
are  through  clay,  7  feet  through  sand  and  gravel ;  7  miner's  inches  of  water  are 
obtained;  this  is  a  brick-lined  dug  well. 

33.  Rhodes  well ;  near  corner  of  Lake  avenue  and  Hawkeye  street ;  49  feet  deep  and 
water  approximately  8  feet  in  depth ;  steam  plant,  15-horsepower  boiler  with  Smith 
valve  pump;  a  perpetual  flow  of  4  miner's  inches  is  obtained. 

34.  Alhambra  water  in  Mayberry  Canyon ;  94  miner's  inches  are  obtained,  which 
is  not  the  full  capacity  of  the  plant.  There  are  six  wells  from  350  feet  to  750  feet 
deep,  of  which  five  are  being  pumped  and  one  flows. 

35.  Potter  tunnel;  near  Kewen  Lake;  produces  7  miner's  inches. 

36.  Surface  water;  Patton  water  in  West  Canyon,  2  miner's  inches. 

37.  Patton  water,  East  Canyon;  23  miner's  inches.  (San  Gabriel  water  not 
included  in  this.) 

38.  San  Gabriel  Mission;  24.9  miner's  inches;  comes  from  the  same  canyon  as  Pat- 
ton water  m  East  Canyon;  it  is  surface  water  and  has  been  reduced  by  development 
works. 

39.  Shorb  water ;  from  tunnel  under  orange  grove  on  Shorb  place ;  approximately 
2  miner's  inches  is  obtained.  In  small  canyon  northwest  of  house  there  is  a  stream 
approximately  5  miner's  inches;  there  are  three  artesian  wells  (No.  42)  southeast  of 
the  ranch  house,  from  which  17  miner's  inches  are  obtained. 
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60.  Lower  Painter  well ;  dug  in  1894;  96  feet  deep;  water,  79  feet  from  surface; 
elevation,  1,040  feet;  water  elevation,  961  feet;  this  is  a  4-foot  by  7-foot  dug  well, 
the  material  passed  through  being  large  bowlders. 

61.  Upper  Painter  well;  dug  well  much  resembling  No.  60;  162  feet  deep;  132  feet 
to  water;  elevation,  1,130  feet;  water  elevation,  997 feet. 

62.  Becker ;  200  feet  deep ;  depth  to  water,  as  measured  in  May,  1898, 173  feet ;  a 
6-horsepower  gasoline  engine  is  used,  which  has  pumped  5  miner's  inches ;  it  is  a 
bored  well,  cost  $250,  including  casing  ($1  per  foot  pins  25  cents  additional  for  each 
50  feet  additional  depth) ;  elevation,  825  feet;  water  elevation,  652  feet. 

63.  Stafford;  bored  well;  241  feet  deep.;  depth  to  water,  173  feet;  elevation,  825 
feet ;  water  elevation,  552  feet. 

64.  Krauk  ;  300  feet  deep;  290  feet  to  water ;  elevation,  1,070  feet;  water  elevation, 
780  feet. 

65.  Meers;  on  E  street;  300  feet  deep;  75  feet  of  water  in  August,  1897;  elevation, 
1,060  feet;  water  elevation,  735  feet. 

■  66.  Stone;  100  feet  deep;  85  feet  to  water ;  elevation,  1,040  feet;  water  elevation, 
955  feet;  approximately  15  miner's  inches  is  obtained  when  pump  is  run.  This  is  a 
dug  and  timbered  well  and  cost  for  excavation  $1.75  per  vertical  foot  until  water 
was  struck ;  passed  through,  say,  65  feet  of  gravel,  15  feet  of  sand,  and  12  feet  of 
clay. 

67.  Called  Painter  well;  170  feet  to  water;  14  feet  lower  ground  than  No.  41; 
water  elevation,  830  feet^ 

50.  Hurlbut;  bored  well,  about  1,300  feet  deep;  94  feet  through  clay;  but  little 
water;  elevation,  780  feet;  water  elevation,  520  feet. 

(26.)  Olmstead;  39  feet  deep;  elevation,  750  feet;  water  elevation,  740  feet;  the 
usual  depth  of  water  from  the  surface  is  8  feet,  but  in  October,  1898,  was  10.5  feet. 

51.  Pasadena  and  Pacific  power-house  well;  elevation,  750  feet;  water  stands  11 
feet  from  original  surface  of  ground;  water  elevation,  739  feet. 

52.  Baker;  35  feet  deep;  elevation,  740  feet ;  water  elevation,  734  feet;  supply  is 
said  to  come  from  northeast. 

53.  Pasadena  West  Side  Water  Company;  about  70  feet  deep  and  3  feet  to  water; 
elevation,  718  feet;  water  elevation,  715  feet;  water  comes  from  northeast. 

68.  Morehouse;  cesspool  at  this  point  of  70  feet  and  no  water  is  encountered;  sur- 
face elevation,  790  leet. 

69.  On  top  of  a  hill  500  feet  east  of  No.  53;  60  feet  deep  and  no  water  found;  sur- 
face elevation,  825  feet. 

74.  In  Arroyo  Seco  at  mouth  of  canyon  ;  250  feet  deep  and  dry. 

Amount  of  water  developed  in  the  Pasadena  Mesa. 

[1  miner's  inch  is  0.02  of  1  cubic  foot  per  second.] 
No.  Miner's  inches. 

27.  Raymond  Improvement  Company's  tunnel  at  P'air  Oaks  avenue 18 

26.  Marengo  well,  near  Atchison,  Topeka  and  Santa  Fe  station,  Raymond 91 

26.  Surface  water  in  Marengo  canyon,  near  railroad  crossing  (S.  P. ) 20 

28.  Fluer  well  on  Ipswich  street,  near  S.    F.    Raymond  station:    intermittent 

pumping „ 30 

29.  Las  Poebles  AVater  Company,  near  new  Graves's  tunnel 14 

29.  Stoneman  canyon  heads,  near  Fluer  well 3 

30.  Walter  Graves's  new  or  upper  tunnel 20 

31.  Oak  Knoll  well 4 

32.  Brickkiln  well 7 

83.  C.  H.  Rhodes's  well,  near  Lake  avenue  and  Hawkeye  street 4 

34.  Alhambra  water,  artesian  wells  and  air-compressing  jilant 64 

35.  Patton  tunnel,  near  Kewin  Lake 7 

36.  Patton  water  in  west  canyon 2 

37.  Patton  water  from  east  canyon 24 
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No.  Miner's  inches. 

38.  San  Gabriel  Mission  water 25 

39.  Shorb  water  northwest  from  ranch  house 5 

39a.  Shorb  water  in  tunnel  southwest  of  ranch  house 2 

40.  Graves's  lower  tunnel;  dry 

41.  Richardson's, two  tunnels,  near  Kewin  Lake 18 

42.  Shorb's  three  artesian  wells  southeast  of  house 17 

43.  Pump,  13  inches;   artesian,  3  inches;  tunnel,  22  inches;  all  belong  to  Shorh.  38 

44.  Rose  well,  east  side  Santa  Anita  avenue 20 

45.  Winston  wells,  Santa  Anita  avenue 12 

46.  Alexander  water,  east  of  Santa  Anita  avenue 25 

47.  Titus  ranch 19 

48.  Sunny  Slope  developments 66 

49.  Chapman 106 

Total 661 

Development  near  Devils  Gate  by  the  United  Water  Companies. 

.56.  Pumped  from  well  below  Devils  Gate,  but  entering  tunnel  above  sand  box..  7 

57.  Weir  at  mouth  of  northeast  tunnel 8 

58.  Weir  at  mouth  of  northwest  tunnel 123 

Total  from  Devils  Gate 138 

59.  Total  from  North  Branch 118 

Total  from  submerged  dam  and  from  under  arroyo  above  dam 5 

Flow  from  the  900  feet  of  tunnel,  east  bank  of  arroyo,,  or  six-tenths  of  all  of 

Devils  Gate  flow  from  tunnels 77 

70.  Richardson  tunnel  below  Devils  Gate 24 

71.  Wilson  tunnel  below  Devils  Gate 10 

Developed  at  Devils  Gate 138 

Total  upper  arroyo  development 172 

42.  Upper  Painter  well 37 

41.  Lower  Painter  well 40 

48.  Stone  well 15 

Pump  near  Reservoir  No.  1 22 

Total 114 

72.  Sheep  Corral  springs,  in  development  cut 74 

73.  Above  shaft  No.  2,  detail  of  No.  58 22 

Summary  of  water  development  from  Pasadena  Mesa. 

Devils  Gate  development 172 

Sheep  Corral 74 

Lower  dike  in  4^  miles 661 

Total 907 

SAN  GABRIEL  RIVER. 

San  Gabriel  River  receives  water  from  the  soutliern  slope  of  the 
Sierra,  the  entire  drainage  basin  being  included  in  Los  Angeles  County, 
California.  The  stream  has  been  described  in  the  Eighteenth  Annual 
Report,  Part  lY,  beginning  on  page  405.  Throughout  a  considerable 
part  of  the  year  the  entire  tiow  of  the  stream  is  diverted  into  canals, 
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the  quantity  being  measured  by  various  weirs.  The  excess  water  in  the 
stream  is  measured  in  the  bed  of  the  river  at  a  point  near  the  first 
diversion  box.  In  order  to  obtain  the  entire  run-off  for  the  222  square 
miles  drained,  it  is  necessary  to  add  this  amount  to  the  total  taken  by 
the  canals.  These  data  are  obtained  from  Mr.  H.  F.  Parkinson,  superin- 
tendent for  the  various  irrigation  canal  companies.  Besides  these  sys- 
tematic measurements  a  number  of  low-water  measurements  of  San 
Gabriel  River  were  made  at  various  points  during  the  drought  of  1898, 
as  given  in  the  following  table. 

Results  of  loiv-water  measurement  of  waters  on  San  Gabriel  Fiver. 


Date. 


River. 


1898. 
July     1 

June  21 
July    3 


San  Gabriel. 
do 


Locality. 


Duarte  water 
Azusa  water. 


-do :  Headworks  in  canyon.. 


.do 
.do 


Aug.  16 
Aug.  31 


Aug.  23 


July     1 


Temple  ditch 

Baldwin's  rancii   hou.se  road, 
tirst  channel. 


.do Original  channel  of  river 

-do ^. .  Canii)er\s  station  No.  11 

.do Puente ditch 

-do Old  Mission  Bridge. 

.  do W  hittier  ditch 

.do Total  flow  at  Puente  Narrows 

.do Headworks  in  canyon. 

.do Flume  Whittier  ditch 

-do Temple  ditth 

.do i  Old  channel 

.do \  No.  10,  No.  11 

.do Old  Mission  Bridge 

.do Total  flow  at  Puente  Narrowi 


Area  of 
section. 


Sq.feet. 


(b) 

3.19 

6.30 

6.61 
4.01 


13.94 
0.88 


.do 
.do 
.do 
.do 

.do 


Headwork  weir  in  canyon. 

Mouth  East  Fork 

Mouth  West  Fork 


Azusa    flume,     lower    tunnel 
developed  water. 

Monrovia  Canyon 


(h) 
3.62 
2.67 
5.39 
9.16 
13.61 


Mean 
velocity 


Feet  per 
second. 


2.84 
1.39 

0.93 
0.83 


2.14 

2.86 


Discharge. 


4.50 
3.47 
0.356 

1.36 


0.50 
2.57 
1.45 
0.67 
2.05 


1.58 
0.77 
0.146 

0.98 


See.  feet. 

3.59 

11.78 

13.21 

9.06 

8.79 

6.  18 
3.36 
2.44 

29.79 
2.52 

62.14 
5.16 
1.80 
6.88 
7.81 
6.17 

27.91 

50.  57 
8.42 
7.11 
2.67 
0.52 

1.33 


There  are  two  tributaries  of  fSan  Gabriel  River,  called  the  East  and 
West  forks.  As  described  by  Mr.  J.  B.  Lippincott,  these  approach  from 
opposite  directions  and  unite  at  a  point  approximately  8  miles  above 
the  mouth  of  the  mountain  canyon,  through  which  they  descend  on  an 
average  grade  of  100  feet  to  the  mile.  The  portion  of  the  basin  above 
the  5,000-foot  contour,  particularly  on  the  northern  slopes,  is  timbered 
with  large  pine  trees,  and  its  remaining  portion  is  covered  with  a 
dense  growth  of  shrubs  locally  known  as  white  thorn  and  greasewood. 
The  slopes,  as  a  rule,  are  exceedingly  precipitous,  giving  the  river  a 
lower  run-oft'  during  summer  months  and  higher  flood  stages  during 
winter  months  than  the  Santa  Ana  River,  described  on  page  552.  The 
steep  grades  prevent  extensive  storage,  the  possible  sites  for  reservoirs 
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being  small  and  the  percentage  of  silt  carried  during  flood  being  large. 
The  great  alluvial  cone  built  at  the  mouth  of  the  canyon  is  an  evidence 
of  the  erosive  and  transporting  action  of  the  stream. 

As  in  the  case  of  other  streams  of  southern  California,  the  water  of  San 
Gabriel  iiiver  is  of  great  Talue  for  irrigation  purposes  and  the  surface 
flow  is  completely  diverted  during  at  least  nine  months  of  the  year  at 
the  mouth  of  the  canyon,  2  miles  north  of  Azusa.  Besides  the  surface 
flow,  attempts  have  been  made  to  obtain  the  waters  percolating  beneath 
the  surface,  about  2  miles  of  tunnels  having  been  constructed  near  the 
mouth  of  the  canyon.  In  addition  to  this  a  submerged  dam  is  being 
built  in  the  canyon  at  the  head  of  the  San  Gabriel  Electric  Oompany^s 
diversion  works,  in  order  to  completely  intercept  this  seepage  water  and 
convey  it  by  tunnels  to  the  power  house. 


Estimated  monthly  discharge  of  San  Gabriel  River  and  canals  at  Azusa,  California. 

[Drainage  area,  222  square  miles.] 


Month. 


1898. 
January  

February   . . . 

IVIai  ch 

April  a 

May  h 

June 

July 

August 

September  . . 

October 

November 

December 

The  j^ear 


Streams. 


River  . 
Canals 
River  . 
Cauals 
River  . 
Canals 
Canals 
River  . 
Canals 
Canals 
Canals 
Canals 
Cauals 
Canals 
Canals 
Cauals 


Discharge  in  seco 

Maxi- 

Minl- 

mum. 

nuim. 

31 

0.0 

32 

23.0 

41 

0.0 

34 

10.0 

1 

0.0 

48 

28.0 

37 

25.3 

63 

0.0 

45 

25.0 

30 

14.5 

14 

9.0 

9 

5.0 

10 

6.1 

10 

7.9 

11 

8.0 

18 

11.7 

63 

0 

Mean. 


14 
26 
11 
29 
0 
35 
33 
4 

32 

19 

11 

7 

8 

9 

10 
14 


22 


T(.tal  in 
acre-feet. 


Eun-off. 


Depth  in 
inches. 


2,  453         0.  20 


2,241 


2,131 


0.18 


1,  950         0. 17 

2,  223         0. 19 


1,159 

0.10 

672 

0.06 

456 

0.04 

467 

0.04 

533 

0.05 

580 

0.05 

832 

0.07 

15,  697 


1.34 


Secontl- 

feet  per 

square 

mile. 


0.18 


0. 19         0. 18 


0.16 

0.15 
0.16 

0.09 
0.05 
0.03 
0.04 
0.04 
0.04 
0.06 


0.10 


a  River  dry. 


&  River  dry  since  May. 


Note.— Gage  heights  for  1898  for  the  river  during  the  time  water  was  flowing  in  the  channel  are 
given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  189;  list  of  measurements  and  rating  table, 
page  191.  Daily  discharge  in  cubic  feet  per  second  of  the  San  Gabriel  canals,  from  September  to 
December,  1898,  inclusive,  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  190,  figures 
for  January  to  August,  inclusive,  being  omitted ;  results  for  1897  are  given  in  Water-Supply  and 
Irrigation  Paper  No.  16,  page  94,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  528. 
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SAN  ANTONIO  AND  CUCAMONGA  CREEKS. 

The  drainage  basin  of  San  Antonio  Greek  is  immediately  east  of  that 
of  San  Gabriel  Eiver.  It  comprises  a  little  over  24  square  miles  as 
measured  at  the  mouth  of  the  canyon.  Gucamonga  Greek  has  a  drain- 
age area  of  nearly  7  square  miles  immediately  east  of  that  of  San 
Antonio  Greek  and  south  of  the  Lytle  Greek  drainage  basin.  Several 
measurements  were  made  during  the  low- water  period  of  1898,  as  shown 
by  the  following  table :  . 

Measurements  of  San  Antonio  and  Cucamonga  Creeks. 


Date. 


1898. 
July     2 


Aug.  26 


Creek. 


San  Antonio. 
do 


-do 
-do 


Locality. 


In  caoyon , 

Ontario  water,  near  division 
box. 


Area  of 
section. 


Sq.  feet. 
0.347 


Ontario  water,  below  division         2.  24 
box. 


do 

Cucamonga . 


Pomona     water     at     Pierces 
Camp. 

In  canyon 


1.97 

.78 


Mean 
velocity. 


'Feet  per 
second. 


1.036 


1.72 


1.70 


1.33 


Discharge. 


Sec.  -feet. 
7.59 
0.36 

3.87 

3.36 

10.01 
1.04 


b  Weir. 


SANTA  ANA   RIVER. 

Santa  Ana  River  in  its  upper  portion  heads  in  the  western  slopes  of 
the  San  Bernardino  Mountains  and  discharges  at  a  point  4  miles  east 
of  Redlands,  its  waters  being  completely  used  in  San  Bernardino  Val- 
ley. At  the  lowest  part  of  this  valley  the  waters  again  appear  in  the 
channel  near  the  i)oint  known  as  Rincon,  and,  passing  through  a  low 
range,  flow  in  a  general  southwesterly  course  into  the  Pacific  Ocean. 
This  river  lias  been  described  by  Mr.  J.  B.  Lippincott  in  the  Nineteenth 
Annual  Report,  in  an  article  on  Water  Supply  of  San  Bernardino  Val- 
ley. To  the  south  of  the  upper  catchment  basin  of  Santa  Ana  River 
is  Mill  Greek  and  next  this  San  Timoteo  Greek.  Mill  Greek  has  a  high 
drainage  basin  and  a  large  runoff,  while  San  Timoteo  Greek  passes 
over  flat  valley  lands,  which  absorb  the  water  coming  from  the  high 
portions  of  the  basin  and  deliver  it  through  a  series  of  cienegas  located 
at  lower  levels.  To  the  west  of  the  Santa  Ana  drainage  basin  are 
Plunge,  City,  and  Twin  creeks,  the  catchment  area  of  these  streams 
being  shown  on  the  Redlands  topographic  sheet. 

All  of  these  streams  entering  San  Bernardino  Valley  from  the  north 
and  east  are  diverted  for  irrigation  during  the  greater  portion  of  the 
year,  their  waters  being  carried  to  the  bench  lands  and  much  of  it 
returning  by  seepage  and  contributing  to  the  supply  of  underground 
water.  These  bench  lands  have  for  the  most  part  been  constructed  by 
streams  which  carry  gravel  and  bowlders  from  the  high  mountains, 
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and  deposit  these  in  their  lower  channels  and  on  the  surrounding  valley 
lands.  The  gravels  at  the  mouth  of  the  canyon  and  under  the  adjacent 
bench  lands  are  saturated  with  water,  which  tends  to  seep  gradually 
toward  the  lowest  i^oint  of  San  Bernardino  Valley,  where  Santa  Ana 
Kiver  escapes  to  the  sea.  This  underground  water  is,  however,  inter- 
rupted by  what  is  locally  known  as  the  ^'clay  dike,"  which  passes  across 
the  drainage  lines  at  a  i)oint  approximately  2  miles  east  of  Colton.  As 
described  by  Mr.  J.  B.  Lippiucott,  a  cai)  of  adobe  overlies  the  lower 
portion  of  the  valley  south  of  the  city  of  San  Bernardino  and  east  of 
Colton.  The  valley  itself  has  a  slope  of  approximately  100  feet  to  the 
mile  in  all  directions  toward  Colton.  When  this  cap  is  punctured 
in  the  area  south  of  San  Bernardino  and  east  of  Colton  artesian  water 
is  obtained,  the  wells  as  a  rule  being  shallow,  ranging  in  depth  from  100 
to  500  feet.  In  addition  to  this  artesian  water  a  notable  amount  is 
obtained  from  seepage  along  the  drainage  lines  of  the  streams  entering 
the  valley  from  the  north.  Warm  Creek  is  one  of  the  valley  streams 
which  rises  from  springs  in  these  drainage  lines  east  ajid  south  of  San 
Bernardino.  This  surface  and  underground  water  is  the  source  of  sup- 
ply for  irrigation  at  liiverside,  Colton,  and  Bloomington.  Measurements 
of  these  waters  are  given  on  later  pages. 

In  the  eastern  end  of  San  Bernardino  Valley  fruit  culture  by  irriga- 
tion has  been  more  highly  developed  than  in  any  other  portion  of  the 
United  States,  the  orange  groves  of  Eedlands,  Eiverside,  and  High- 
lands being  among  the  best  in  C^-lifornia.  Land  suitable  for  citrus 
culture  is  worth,  with  good  water  rights,  $500  an  acre,  while  water 
alone  is  valued  as  high  as  61,000  a  miner's  inch,  or  $50,000  a  cubic  foot, 
per  second.  During  1898  and  1899  the  severe  drought  forced  the  irri- 
gators to  use  far  less  water  than  was  believed  to  be  necessary  to  sustain 
the  orchards,  and  a  cubic  foot  per  second  was  made  to  serve  as  much 
as  600  or  700  acres. 

An  electric  power  plant  has  been  constructed  bv  the  Southern  Cali- 
fornia Power  Company  in  the  canyon  of  Santa  Ana  Biver,  the  diversion 
occurring  at  the  mouth  of  Bear  Creek.  The  total  length  of  the  conduit 
is  14,750  feet,  of  which  11,640  feet  is  tunnel  and  375  feet  flume.  The 
grade  of  the  conduit  is  18  feet  in  10,000.  The  tunnels  are  5  feet  6  inches 
wide  and  4  feet  6  inches  high  to  springing  line.  The  flumes  are  5  feet 
6  inches  wide  and  5  feet  high.  The  capacity  is  120  cubic  feet  per  second. 
The  power  pipe  is  30  inches  in  diameter  and  is  made  of  riveted  steel, 
it  being  2,200  feet  in  length,  with  a  total  fall  of  728  feet  and  an  effect- 
ive head  of  700  feet.  Three  power  pipes  are  required  for  the  full  capac- 
ity of  the  conduit,  only  one  of  which  is  now  in  place.  The  theoretical 
horsepower  is  6,363.  The  water  is  discharged  through  nozzles  against 
Pelton  impulse  water  wheels,  which  are  directly  connected  with  the 
shaft  of  the  triphased  electric  generators.  The  current  is  conducted 
to  Los  Angeles,  a  distance  of  90  miles,  under  33,000  volts  pressure,  and 
is  there  used  for  power  and  lighting  purposes.     This  is  the  longest  trans- 
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mission  plant  operated  commercially  in  the  world.     The  transmission 
has  been  most  satisfactory,  the  line  loss  being  less  than  10  per  cent. 

Measurements  of  Santa  Ana  Eiver  have  been  made,  as  described  in 
previous  reports,  near  Warmsprings,  below  the  point  of  diversion  of  the 
Santa  Ana  Canal,  so  that  to  obtain  the  total  flow  the  amount  in  the 
canal  has  been  added  as  given  in  the  following  table.  On  PI.  LXIII, 
J-,  is  given  a  view  of  the  gaging  station.  The  character  of  the  river  in 
the  valley  is  indicated  by  the  view  B  of  the  same  plate. 

Estimated  monthly  discharge  of  Santa  Ana  Biver  and  Canal  at  Warmsprings,  California. 

[Drainage  area,  188  square  miles.] 


Month. 

Streams. 

Discharge  in  second-feet. 

Total  in 
acre-feet. 

Run-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1898. 
January  

February  

March 

April 

Mav 

[River  . . . 
Caual  .  -. 

58 

33 

40 

9 
40 

8 
32 

8 
31 

8 
55 

6 
44 

4 
41 

2 
41 

2 
36 

2 
26 
22 
22 

2,987 
I  2,688 

}  2,448 

2,333 

1  3,727 

1  2,  840 

1  2,  625 

I  2,653 

I  2,223 

1,581 
1,285 
1,364 

0.30 
0.27 

0.24 

0.23 

0.37 

0.28 

0.26 

0.26 

0.22 

0.16 
0.13 
0.14 

0.26 

0.26 

0.21 
0.21 
0.32 
0.25 
0.23 
0.23 

0.20 

0.14 
0.12 
0.12 

[River  . . . 
[Canal  . .. 

76 

33 

[River  . . . 
< 
Canal .  .. 

40 

25 

f River  . . . 
{ 
Canal  . . . 

34 

28 

[River  .. . 
[Canal 

149 

26 

June 

River  . .. 

[Canal 

58 

36 

July 

August 

September  . . . 

October 

November 

December 

The  year  . 

jRiver  . . . 
[Canal  .. . 

53 

33 

[River  . . . 
Canal  . . . 

58 

33 

[River  . .. 
Canal  . . 

45 

28 

River  . . . 
River  . . . 
River  . . . 

36 
34 

28 

19 

'      18 

22 

149 

18 

40 

28,  754 

2.86 

0.21 

Note. — Gage  heights  for  1898  are  given  in  Water-Supply  and  Irrigation  Paper  No.  28,  page  190; 
measurements,  page  191;  rating  table,  page  191;  results  for  1897,  in  Water-Supply  and  Irrigation 
Paper  No.  16,  page  195,  and  in  the  Nineteenth  Annual  Report,  Part  IV,  page  567. 
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Sec.-£t. 
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Fig.  218.— Discharge  of  Santa  Ana  Kiver  at  "Warmsprings,  California,  1898. 


LYTLE    CREEK. 

Lytic  Creek  rises  on  the  eastern  end  of  the  Sierra  ^Madre  Mountains, 
draining  the  northern  and  eastern  slopes  of  the  San  Antonio  Peak  and 
its  neighboring-  spurs.  There  are  three  principal  forks  of  the  stream, 
which  unite  near  the  hot  spring  at  a  point  about  4  miles  above  the 
opening  of  the  canyon.  All  of  the  ordinary  summer  How  of  the  stream 
is  diverted  at  the  mouth  of  its  canyon  into  a  masonry  canal  and  passes 
over  a  Aveir,  which  canal  and  weir  are  used  in  common  by  all  the  water 
companies  interested  in  this  supply.  It  is  at  this  weir  that  the  meas- 
urements given  below  were  taken.  From  July  1  to  October  26,  1898, 
this  weir  was  6.57  feet  in  length;  after  October  26  the  length  was 
changed  to  6.50  feet.  The  head  on  this  weir  is  measured  by  a  ditch 
tender  who  resides  at  the  headworks,  the  readings  being  taken  by 
a  hook  gage.  The  weir  bay  is  not  entirely  satisfactory,  in  that  con- 
siderable sand  collects  therein  and  some  swirls  occur.  The  following 
record  was  furnished  by  Mr.  John  H.  Oaruthers,  manager  of  the 
Anglo-American  Oanaigre  Company.  It  is  valuable,  in  that  it  gives 
measurements  on  one  of  the  principal  streams  tributary  to  the  San 
Bernardino  Yalley.  On  June  10,  1898,  this  weir  was  measured  by 
J.  B.  Lippincott  at  4.05  p.  m.  and  its  discharge  computed  at  9.46  second- 
feet;  at  4.30  p.  m.  on  the  same  date  a  measurement  was  made  by  J.  B. 
Lippincott  in  the  Rialto  Canal,  below  the  weir,  by  means  of  a  meter, 
and  the  volume  determined  at  10.73  second-feet.  It  can  not  be  assumed 
that  the  same  error  always  existed  in  the  weir  when  measurements 
were  taken,  because  the  changing  volume  of  sand  in  the  bay  would 
necessarily  affect  the  accuracy  of  the  weir.  The  Grapeland  Irrigation 
district  during  certain  times  of  the  day  diverts  its  water  from  a  point 
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above  this  weir,  but  at  the  time  of  the  measurement  above  referred  to 
this  diversion  was  not  occurring.  The  Anglo-American  Canaigre  Com- 
pany diverts  its  water  from  the  Kialto  Canal  about  2  miles  below  the 
mouth  of  the  canyon,  being  entitled  to  the  excess  water  above  11.10 
second-feet.  The  city  of  San  Bernardino  obtains  3.0  second-feet  from 
the  Eialto  Canal.  The  irrigation  water  is  used  largely  in  the  neighbor- 
hood of  Eialto  on  the  Citrus  Belt  Irrigation  District,  on  the  Grapelaud 
Irrigation  District,  and  for  domestic  purposes  in  San  Bernardino. 

Discharge  of  Lytle  Creek  from  July  1  to  December  31,  1S98.  a 
[Area  of  watershed,  54  square  miles,  as  given  in  report  of  State  engineeriug  department.] 


Date. 

July. 

August. 

September. 

October. 

iifovember. 

December. 

1898. 

Sec-feet. 

Sec-feet. 

Sec-feet. 

Sec-feet. 

Sec-feet. 

Sec-feet. 

1 

9.85 
10.45 
10.63 
10.78 

8.90 
8.72 
8.69 
7.28 

8.89 
8.98 
8.85 
8.85 

9.52 
9.35 
9.13 
9.09 

10.10 
10.06 
10. 15 
10.11 

10.72 
10.54 
10.  45 
10.58 

2 

3 

4 

5 

10.41 

8.21 

8.92 

9.10 

9.93 

10.72 

6 

10.27 

8.43 

8.76 

9.80 

9.80 

10.60 

i 

10.48 

9.55 

8.  55 

8.83 

9.72 

10.  58 

8 

10.22 

8.93 

8.43 

9.05 

10.02 

10.72 

9 

10.18 

8.05 

8.51 

9.13 

10.02 

10.72 

10 

10.14 

7.62 

8.47 

8.89 

9.93 

10.72 

11 

10.40 

7.31 

8.35 

8.64 

9.93 

10.  89 

12 

9.92 

7.08 

8.39 

8.52 

9.98 

10.85 

13 

9.58 

7.89 

8.60 

8.30 

10.06 

10.98 

14 

9.15 

7.98 

9.02 

8.17 

10.06 

10.  98 

15 

9.15 

8.03 

8.72 

8.61 

10.11 

11.63 

16 

9.02 

8.03 

8.56 

9.05 

10.21 

11.26 

17 

9.52 

8.12 

8.28 

8.62 

10.17 

11.26 

18 

9.19 
7.83 

7.94 
8.03 

8.47 
8.88 

8.97 
8.84 

10.15 
10.02 

11.82 
11.82 

19 

20 

6.59 

8.20 

8.71 

8.83 

10.06 

11.66 

21 

9.30 

8.47 

9.18 

8.88 

10.06 

11.36 

22 

10.09 

8.51 

9.14 

9.31 

10.37 

11.26 

23 

9.79 

8.56 

9.13 

9.87 

10.41 

11.54 

24 

9.88 

8.19 

9.09 

9.39 

10.41 

11.54 

25 

9.36 

8.52 

8.41 

9.39 

10.32 

11.54 

26 

9.19 

8.77 

9.09 

9.59 

10. 50 

11.54 

27 

8.34 

8.97 

9.31 

9.50 

10.72 

11.17 

28 

8.65 

9.13 

9.48 

9.21 

10.76 

11.36 

29 

8.72 

8.56 

6.90 

8.95 

10.80 

11.54 

30 

8.93 

8.68 

6.78 

9.42 

10.72 

11.54 

31 

Mean. .. 

8.72 

8.76 

10.27 

11.40 

9.53 

8.32 

8.66 

9.10 

1 

10.19 

11.07 

a  Furnished  by  Mr.  John  H.  Carruthers,  Rialto,  California. 


NEWELL.] 


LYTLE,  TWIN,  CITY,  AND    PLUNGE    CREEKIS. 


557 


Occasioual  measurements  of  Lytle  Greek  were  made  during  low  Avater 
of  1898,  as  shown  in  the  following  table: 

Measurements  of  Lytle  Creeh. 


Date 

• 

1898. 

June 

10 

June 

29 

June 

27 

Aug-. 

27 

Sept. 

22 

Locality. 


Rialto   Canal,  Anglo-American 
Canaigre  Company  division  . . 

Mclntyre  d itch 

San  Bernardino    Domestic  res- 
ervoir   

Whitings  ditch 

800  feet  below  Mount  Vernon 
bridge 

Gatehouse,  Canaigre  Co 

Whitings  ditch 

Mclntyre  ditch 

Carter  ditch 


Area  of 
section. 


Sq.  feet. 
5.  292 


(a) 
(a) 


vSy.        I>i«cl'ar.-. 


Feet  per 
second. 

2.027 


Sec.-feet. 

10.73 

0.28 

1.95 
0.30 

0.28 
10.01 
0.10 
0.04 
0.003 


a  Weir. 


TWIN,  CITY,  AND   PLCNGE    CREEKS. 

The  drainage  of  the  mountain  slopes  immediately  northeast  of  the 
city  of  San  Bernardino  is  received  by  a  succession  of  small  creeks. 
The  drainage  area  of  Twin  Creek  is  18  square  miles;  next  to  the  east 
of  this  is  City  Creek,  with  a  drainage  area  of  24  square  miles;  and 
east  of  this  in  turn  is  Plunge  Creek,  with  a  drainage  area  of  18  square 
miles.  Measurements  of  the  outflow  were  made  during  the  low  water 
of  1898,  as  shown  by  the  following  table: 

Measurements  of  Twin,  City,  and  Plunge  creeks. 


Date. 


1898. 
June  11 
Sept.    9 

June  11 


Sept.  7 
June  11 
June  29 


Sept.  9 
Sept.  29 
June  12 
Sept.    9 


Creek. 


West  Twin. 
do 


Eaat  Twin. 
do 


Total 
East  Twin.. 

City 

do 

do 

do 

do 

City 

Plunge 

do 


Locality. 


Area  of 
section. 


Mean 
velocity, 


Tollhouse,  Waterman  Canyon. 
Estimated 


K.  C.  Syndicate,  flume  i 

K.  C.  Syndicate,  developed. 


I  Feet  per 
Sq.  feet,     second. 

0. 92  2.  31 


2.33 


K.  C.  Syndicate 

Headworks  in  canyon 

Lougsden  &  Farrel  ditch 

Wliitlock  ditch 

Daley  ditch  across  City  Creek 

Headworks  in  canyon 

Longsden  &  Earrel 

Headworks , 

Est  imated 


2.295 
0.878 
0.209 
0.39G 
0.36 


1,565 


0.83 


1.32 
0.82 
1.16 
1.56 
0.20 


1.446 


Discharge. 


Sec.-feet. 
2.12 
0.38 


1.95 
0.11 


2.06 

0.73 

3.03 

0.723 

0.244 

0.62 

0.07 

0.63 

2.26 

0.20 
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MILL   CREEK. 

Mill  Creek  is  one  of  the  most  important  tributaries  of  Santa  Ana 
River,  although  usually  considered  as  a  separate  stream.  It  is  described 
by  Mr.  J.  B.  Lippiucott  in  the  Nineteenth  Annual  Eeport,  Part  lY, 
beginning  on  page  551.  Its  location  is  shown  in  part  on  the  Redlands 
topographic  atlas  sheet.  The  stream  receives  water  from  the  slopes  of 
Gray  back  Mountain,  which  rises  to  a  height  of  12,000  feet.  The  greater 
part  of  the  drainage  basin  has  an  elevation  of  5,000  feet  or  more  and  is 
favorably  exposed  to  the  rainfall,  giving  a  relatively  large  run-off. 
Besides  the  use  for  irrigation  its  waters  are  employed  for  the  develop- 
ment of  electric  power. 

Various  measurements  of  Mill  Creek  were  made  during  the  low- water 
season  of  1898,  as  shown  below : 

Measurements  of  Mill  Creek. 


Date. 

Locality. 

Area  of 
section. 

Mean 
velocity. 

Discharge. 

1898. 

Sq.feet. 

Feet  per 
second. 

Sec. -feet. 

June  12 

Mcintosh  water  at  road  crossing. 

0.14 

2.00 

0.28 

Grafton  canal, total  flow  ofcreek. 

1.92 

9.42 

18.10 

.Jnly   23 
Sept.    8 

Total  flow  of  creek  in  Grafton 
canal „ 

11.82 
13.07 

Grafton  canal, total  flow  of  creek. 

1.23 

10.62 

Mcintosh  water  at  road  crossing. 

0.14 

2.00 

0.28 

WARM   CREEK. 

Unlike  the  streams  above  mentioned,  Warm  Creek  has  no  mountain 
watershed  of  its  own.  It  rises  in  the  northeastern  part  of  the  valley 
about  2  miles  north  of  Santa  Ana  Eiver,  2  miles  west  of  the  opening 
of  City  Creek  Canyon,  and  2  miles  south  of  the  edge  of  the  mountain. 
In  its  course  southwesterly,  a  distance  of  about  7  or  8  miles,  to  the 
Santa  Ana  Eiver,  near  the  lower  portion  of  the  San  Bernardino  Basin, 
it  continually  receives  accessions  in  volume  from  springs  in  its  bed  and 
from  arroyos  or  cienegas  which  join  it.  Warm  Creek  is  the  reappearance 
of  some  of  the  lost  waters  of  the  canyon  streams  from  City  Creek  west 
to  Cajon  Pass.  Lytle  Creek  joins  it  just  below  the  town  of  San  Ber- 
nardino, and  they  thence  occupy  one  channel  to  the  river,  half  a  mile 
east  of  Colton.  Owing  to  the  fact  that  Warm  Creek  waters,  although 
rising  in  the  bottom  of  a  basin,  command  plains  still  beyond,  this 
stream,  from  the  constancy  of  its  flow,  is  one  of  the  most  important 
irrigation  feeders  in  San  Bernardino  County.^ 

1  Irrigation  in  Southern  California,  by  William  Ham.  Hall,  C.  E.,    State  engineer,  Sacramento,  1888. 
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List  of  .ow-waier  measurements  of  Warm  Creek,  California. 


Date. 


1898. 
June  20 


June     7 


June  30 


Creek. 


Warm 


-do 


.do 

do 

.do 

.do 

.do 


Sept.  21    do 

.do 
-do 
-do 
-do 

Sept.  22    do 


Locality. 


Meek  and  Daily  ditch  head- 
works. 

Stout  ditch,  lot  4,  block  60, 
San  Btrnardiuo  rancho. 

McKensie  ditch 

Beam  ditch 

liabel ditch,  lot  2,  block  60.... 

Hay8  and  Talmage,  first  ditch, 
one-half  mile  west  of  Har- 
lem. 

Upper  canal.  Riverside  Water 
Co.,  atoldColton  Mill. 

do 

Daily  flume 

]McKensie  ditch 

Haj-s  and  Talmage 

Rabcl  ditch,  at  headworks 

Shay  ditch 


Area  of 
section. 


Sq.  feet, 
(a) 


2.90 


(a) 
0.9 

(«) 
(a) 


Mean 
velocity. 


Ft.  per 
second. 


Discharge. 


0.87 


1.00 


Sec. feet. 
8.42 

2.30 

2.54 
0.67 
5.37 
0.90 

69.46 

61.34 
0.63 
2.16 

3.07 
2.08 


eir  measurements.  6  Dry. 

WELLS   IN   SAN   BERNARDINO  VALLEY. 

Produciion  from  wells  in  the  San  Bernardino  Valley  east  of  SI  over  Mountain. 

[All  electric  plants  run  for  twenty-hour  days.] 


System. 


Gage  Canal 

Eiverside  Water  Co 

Ward  &  Warren 

Martin's  pump 

Hunt  <fc  Cooley ♦. 

Total  Santa  Ana  above  Colton 


Class. 


Artesian . 

do... 

do... 

Pump  . . . 
Artesian. 


Basin. 


Santa  Ana. 

do 

do 

do 

do 


Riverside  Water  Co Artesian . 

....do... 


Ranor  ranch 

Bloomington  

City  of  Colton 

Colton  terrace 

Pomeroy  &  Marlborough 

Do 

John  Hubb 


Total  Lytle  Creek  Basin 

J.  E.  Garner 

Total  for  entire  basin  above  Colton . 


Pumj) 

do.... 

Air  pump. 
Gas  pvimp 
Artesian.. 
Pump 


Pump 


City  Creek  . . . 

Lytle  Creek  .. 

do 

do 

do 

do 

do 

do 


Twin  Creek 


June  30, 

1898. 


Sec. -feet. 
26.26 
7.84 
3.25 
0.30 
0.61 


38.26 


Sept.  21, 
1898. 


Sec. -feet. 
25.66 
a  7.  84 
a  3.  25 
a  0.30 
a  0.61 


37.66 


6.80 


6.80 


3.00 

1.64 

5.20 

4.51 

6.82 

5.22 

L97 

1.60 

0.80 

a  0.80 

a  0.80 

0.80 

2.40 

0.60 

20.  99 


15.18 
0.50 


66.05 


60.  14 


a  Approximate. 
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PRECIPITATION   0:N^   CALIFORIS^IA  MOUXTAi:NrS. 

In  order  to  obtain  precipitation  data  bearing  upon  river  discharge,  a 
number  of  rain  gages  liave  been  |)laced  by  Mr.  J.  B.  Lippincott  at  vari- 
ous important  points.  The  results  obtained  at  these  localities,  together 
with  a  few  figures  from  other  sources,  are  shown  in  the  following  tables. 
The  first  table  gives  the  location  of  the  river  station  and  the  name  of 
the  observer,  and  the  second  gives  the  figures  obtained  during  1898. 
The  figures  fo^  1897  are  given  on  page  539  of  the  Nineteenth  Annual 
Report,  Part  IV,  and  for  1896  on  page  418  of  the  Eighteenth  Annual 
Report,  Part  IV: 

Location  of  rainfall  slations. 


Station. 


Sisson 

Eedbluff 

Sonora 

Second  Garotte 

Crockers 

Toseniite 

MouutainLonie  mill 

Kernvillc 

Mt.  Breckinridge  . . 

Tejon  raucli 

Fort  Tejon 

Frazier  mine 

Manzaua 

La  Liebre 

Sneddon's 

Mutali  flat 

Palradale 


!Mount  Lowe. 


li'ollows  camp 

Descanso 

Sweetwater  dam . 
Cuyamaca 


Upper  Holcorab 

Little  Bear  Valley. 


Observer. 


County. 


S.P.  B.  R 

TJ.  S.W.  B 

Dr.  John  Shaw 

J.  P.  Chamberlain 
H.R.Crocker 


Siskijoii 

Tehama 

Tuolumne  ... 

...  do 

...  do , 

Mariposa 

I 
Fred  IN^ oiler ,  Tulare 

Steven  Barton Kern 

Chas.  Brubar do 

E.  M.  Pogson do 

J.G.  Stitt do , 


Post-office. 


Lati- 
tude. 


H.  Porter 

E.  A.  Silvey... 
J.W.Forbes.. 
Burt  Snedden. 

do 

Burt  Cole 


Prof.  Lewis  Swift. 

B.  M.  Follows  .... 
E.  W.  Hulbard--.. 
G.N.  Savase 


Morse' s  house 

Deep  Creek do 

Holcomb  Creek do 

Squirrel  Inn do 


San  Diego  Flume 
Co. 

Arrowhead  Reser- 
voir Co. 

Arrowhead  Reser- 
Aoir  Co. 

do 


Gate  House. 


-do 


Ventura 

Los  Angeles. 

do 

Ventura 

do 

Los  Angeles . 

do 


do 

San  Diego 

do 


Sisson 

Redbluff 

Sonora 

Groveland 

Sequoia 

Tosemite 

Daunt 

Isabella 

Bakersfield  . . . 

do 

Lebec 

Gorman  Sta  .. 

Manzana 

!Neenach 

Gorman  Sta  .. 
do 


West  Palm- 
dale. 

Echo     Moun- 
tain. 


.do 


Azusa 

National  Citj- 
do 


San  Diego 


o  // 
41  Vi7 
40  12 
38  00 
37  49 
37  48 
37  45 
36  10 
35  45 
35  25 
35  01 
34  53 
34  49 
34  47 
34  46 
34  41 
34  38 
34  25 

34  15 

34  14 
32  50 
32  43 


San    Bernar- 
dino. 

San     Bernar- 
dino. 

do 

do 

do 

do 

do 


San    Bernar- 
dino. 

San     Bei-nar- 
diuo. 

do 

do 

do 

do 

..    ..do 


34  18 


Longi- 
tude. 


122  25 
122  20 
120  16 
120  12 
119  53 
119  35 
118  43 
118  25 
118  35 
118  45 
118  53 
118  58 
118  32 

118  40 

119  03 
119  03 
118  03 

118  07 

117  49 

116  40 

117  00 


IIG  50 


Eleva- 
tion. 


Feet. 
3,555 
324 
1,824 
2,900 
4,453 
4,063 
6,680 
2,600 
6,750 
1,450 
3,  245 
8,000 
2,850 
3,170 
4,900 
4,850 
3,299 

3,200 

1,800 

3,500 

250 

4,800 

7,200 

5,150 

5,350 
5,200 
5,220 
5,300 
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Results  of  observation  of  rainfall  for  1898. 


Station. 

Jan. 

1 
Feb. 

Mar. 

Apr. 

May. 

June. 

L03 

July. 
0.00 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

Sisson 

(?) 

10.45 

0.00 

L05 

6.13 

0.00 

0.00 

0.00 

L70 

2.10 

Kedbluff 

0.59 

5.45 

0.01 

0.63 

2.28 

0.14 

0.00 

T. 

0.45 

0.46 

1.21 

1.69 

12.91 

Sonora  

1.71 

5.79 

1.96 

0.60 

2.70 

0.15 

0.00 

0.00 

0.87 

0.84 

1.51 

2.64 

18.14 

Second  Gar- 
rotte   

2.75 

6.00 

2.50 

0.25 

2.50 

b.oo 

0.00 

0.00 

2.00 

1.50 

L50 

1.00 

20.00 

Crockers 

2.60 

7.15 

3.74 

1.50 

3.74 

0.00 

0.00 

0.00 

1.58 

1.87 

1.85 

2.12 

25.75 

Kernville 

0.58 

0.99 

0.58 

T.    i  0.54 

0.00 

0.00 

0.00 

0.04 

0.00 

0.00 

0.33 

3.06 

Tejon  ranch. . 

2.32 

1.68 

0.94 

0.17     0.84 

0.00 

0.00 

0.00 

0.34 

0.42 

0.57 

0.87 

8.15 

FortTejon... 

1.89 

L55 

1.36 

0.  40     0.  30 

0.00 

0.00 

0.00 

0.06 

0.00 

0.65 

0.73 

7.48 

Manzana 

0.63 

0.02 

0.47 

0.00 

0.24 

0.00 

0.00 

0.00 

T. 

0.00 

0.00 

0.50 

1.86 

La  Liebre 

0.53 

0.38 

0.81 

0.00 

0.45 

0.00 

0.00 

0.00 

0.20 

0.00 

0.00 

0.66 

3.03 

Sned  den's 
ranch  

0.60 

0.41 

0.65 

0.00 

0.54 

0.35 

0.00 

0.00 

1.75 

0.00 

0.00 

0.30 

4.00 

Mutah  Flat . . 

0.60 

0.50 

0.65 

0.00 

0.60 

0.40 

0.00 

0.00 

1.80 

0.00 

0.00 

0.30 

4.85 

Palmdale 

2.38 

0.07 

0.90 

0.00 

0.21 

0.00 

0.02 

0.05 

0.00 

0.00 

T. 

0.87 

4.50 

Mount  Lowe  . 

1.55 

2.22 

1.65 

2.70 

2.17 

0.00 

0.00 

0.00 

0.25 

0.30 

0.00 

0.98 

11.82 

Fol  1  ow'  8 
camp 

0.00 

9.80 

0.00 

0.85 

6.16 

1.03 

0.00 

0.53 

0.00 

0.00 

L70 

0.70 

20.77 

Descanso 

5.28 

0.89 

4.11 

0.90 

2.35 

0.00 

0.15 

0.83 

0.00 

0.00 

0.35 

1.00 

15.86 

Cuj'amaca  . . . 

5.47 

1.97 

4.06 

1.24 

5.97 

0.00 

0.00 

L32 

0.00 

0.00 

0.88 

0.96 

21.87 

Upper  H  o  1  - 
comb 

2.60 

0.40 

1.50 

0.50 

0.90 

0.00 

0.10 

0.70 

0.00 

0.00 

0.20 

1.00 

7.90 

Little  Bear 
Valley 

Morse's 

3.80 
6.37 

1.38 
2.96 

2.49 
4.22 

0.25 
0.70 

4.56 
8.27 

0.00 
0.08 

T. 

0.34 

0.62 
0.74 

0.74 
1.28 

25.09 

0.13 

Deep  Creek.. 

4.20 

1.10 

1.89 

0.17 

2.93 

o.n 

0.55 

0.00 

0.00 

0.53 

0.49 

11.97 

H  0  1  c  0  ra  b 
Creek 

3.05 

0.52 

1.27 

0.10 

1.46 

0.00 

0.00 

0.66 

0.00 

0.00 

0.57 

0.48 

8.11 

S(iuirrel  Inn . . 

4.98 

L95 

2.98 

0.68 

6.50 

0.00 

0.05 

0.37 

0.70 

1.35 

19.56 

Gate  House  . . 

3.80 

1.38 

2.49 

0.25 

4.56 

0.00 

0.00 

').  00 

0.00 

T. 

0.62 

0.74 

13.84 

WHITEWATER    RIVER. 

Whitewater  River  receives  drainage  from  au  area  immediately  south 
of  the  catchment  basin  of  Santa  Ana]^iver,  but,  unlike  the  latter,  does 
not  flow  toward  the  Pacific  Ocean.  Its  general  course  is  easterly, 
the  water  disappearing  into  the  Salton  Desert.  A  single  measurement 
of  the  stream  was  made  September  7,  1898,  above  the  head  waters  of 
the  Palm  Valley  Water  Company.  At  that  time  the  area  of  section 
was  4.14  square  feet  and  the  discharge  9.35  second-feet.  This  stream 
receives  water  from  the  slopes  of  San  Gorgonio  Peak,  which  is  approxi- 
mately 11,750  feet  in  height.  In  ordinary  years  snow  remains  through- 
out the  summer  on  this  peak,  the  melting  of  which  maintains  the  flow 
of  the  stream.  The  upper  or  western  portions  of  the  basin  thus  yield 
a  high  percentage  of  run-oft',  while  that  of  the  eastern  part  is  deficient. 
The  area  above  the  mouth  of  Whitewater  Canyon  is  approximately 
70  square  miles.  There  are  frequent  thunderstorms  on  this  area,  simi- 
lar to  those  which  occur  in  the  high  plateaus  and  mountains  of  Arizona, 
sending  down  sudden  floods.  The  water  of  the  stream  is  at  present 
used  in  the  vicinity  of  Palm  Spring.     A  considerable  portion,  however, 
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could  be  diverted  tbroiigli  the  San  Gorgonio  Pass  dowu  the  drainage 
line  of  San  Timoteo  Canyon  to  a  point  on  Redlands  Heights  above  both 
Riverside  and  Hedlands.  There  are  two  intermediate  reservoir  sites, 
both  of  notable  capacity,  which  could  be  used  for  storing  winter  iioods. 
It  is  i)robable  that  the  water  supply  of  San  Bernardino  Valley  will  be 
ultimately  augmented  from  this  stream. 
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HYDROGRAPHY  OF  NICARAGUA. 


By  Arthur  P.  Davis. 


GEXERAI.  TOPOGRAPHIC   FEATITKES. 

The  State  of  Nicaragua  is  the  largest  of  the  Central  American  repub- 
lics. It  is  comprised  between  the  parallels  of  10°  41^  and  lo^  north 
latitude,  and  the  meridians  of  83*^  15^  and  87°  40'  west  longitude.  Its 
area  is  about  40,000  square  miles,  or  nearly  the  same  as  that  of  the 
State  of  Ohio.  It  is  bounded  on  the  east  by  the  Caribbean  Sea  and 
on  the  west  by  the  Pacific  Ocean,  and  lies  between  the  Kepublics  of 
Honduras  and  Costa  Kica  to  the  north  and  south.  In  topographic 
configuration  the  country  is  peculiar.  The  northern  part  is  largely 
occupied  by  rugged  mountains  belonging  to  the  main  axis  of  the  Cor- 
dilleras, with  some  peaks  exceeding  0,000  feet  in  altitude.  A  little 
farther  south  this  range  divides  into  two  main  spurs,  one  following  a 
southeasterly  course  nearly  i)arallel  to  the  Caribbean  coast  almost  to 
the  southern  boundary  of  Nicaragua,  where  it  is  cut  through  by  the 
Rio  San  Juan,  while  the  western  branch  closely  follows  the  Pacific 
Ocean  and  is  peculiar  in  its  low  altitude  and  the  narrow  strip  of  land 
it  occui)ies.  The  depression  between  is  occupied  by  Lakes  Managua 
and  Nicaragua,  connected  by  Tipitapa  River,  and  draining  to  the 
Atlantic  through  the  San  Juan. 

There  are  a  number  of  large  rivers  in  Nicaragua,  the  most  northern 
being  the  Coco  or  Wanks  River,  which  rises  in  the  extreme  northwestern 
portion  of  the  Republic,  runs  nearly  parallel  to  its  northern  boundary 
for  300  miles,  and  empties  into  the  Atlantic  Ocean  near  Cape  Gracias 
a  Dios.  The  next  principal  river  is  the  Rio  Grande,  which,  rising  in 
the  mountains  of  Matagalpa  and  Jinotega,  follows  a  generally  eastward 
course  and  empties  into  the  Caribbean  Sea.  It  is  navigable  for  100 
miles.  Still  south  of  this,  and  nearly  parallel  with  it,  flows  the  Escon- 
dido  or  Bluefields  River,  formed  by  the  junction  of  the  Siguia,  Mico,  and 
Rama  and  emptying  into  Bluefields  Bay,  on  the  Caribbean  coast,  near 
the  town  of  the  same  name.  It  is  navigable  for  seagoing  vessels  from 
its  mouth  to  the  fork.  Still  farther  south  is  the  San  Juan,  in  many 
respects  the  most  important  river  of  Central  America.  This  river 
drains  a  large  area  of  country,  extending  from  the  vicinity  of  Jinotega, 
in  northern  Nicaragua,  to  the  central  x^ortion  of  Costa  Rica,  and  includes 
within  its  tributary  basin  the  great  lakes  Nicaragua  and  Managua. 
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BOUNDARY. 


The  line  which  bounds  Nicaragua  on  the  north  and  Honduras  on  the 
south  follows  throughout  most  of  its  course  the  northern  boundary  of 
the  watershed  of  Coco  Eiver,  but  at  a  point  near  the  continental  divide 
it  turns  southward  until  it  strikes  the  headwaters  of  the  Guasule  Eiver, 
which  stream  it  follows  to  its  mouth,  in  the  Gulf  of  Fonseca.  The 
western  coast  of  Nicaragua  is  well  supplied  with  good  harbors,  the  best 
being  the  Gulf  of  Fonseca,  at  the  western  extremity  of  the  Eepublic, 
which  is  one  of  the  really  fine  harbors  of  the  world.  Salinas  Bay,  at 
the  southern  extremity  of  Nicaragua,  is  next  in  importance,  while  San 
Juan  del  Sur  and  Oorinto  are  harbors  suitable  for  smaller  vessels,  and 
from  their  location  are  much  more  convenient  and  consequently  more 
used. 

The  eastern  coast  of  Nicaragua  for  a  distance  of  20  to  30  miles  inland 
is  mostly  of  a  swampy  natrffe.  High,  rolling  country  approaches  the 
coast  at  Monkey  Point  and  near  San  Juan  del  Norte  (Greytown),  but 
with  these  exceptions  the  coastal  region  is  low  and  fiat  and  during  the 
rainy  season  is  largely  covered  with  water.  Tlie  only  good  harbor  is  at 
Bluefields,  which  is  much  visited  by  banana  steamers.  The  Eio  Grande 
has  a  depth  of  only  8  feet  over  the  bar  at  its  mouth,  but  it  could  be 
cheaply  improved.  Formerly  there  was  a  good  harbor  at  San  Juan  del 
Norte,  but  within  the  last  half  century  it  has  been  almost  completely 
filled  with  sand ;  at  the  present  time  a  bar  closes  its  entrance,  which 
has  a  depth  of  only  4  feet  of  water. 

THE   LAKE   BASIN. 

The  i)eculiar  interest  attaching  to  Nicaragua  from  the  American 
j)oint  of  view  is  the  promise  held  out  by  the  remarkable  hydrographic 
and  topographic  conditions  of  a  i)racticable  route  for  a  large  ship  canal. 
These  conditions  consist  of  a  large,  deep  lake  100  feet  above  sea  level, 
separated  from  the  Pacific  Ocean  by  a  narrow  stri])  of  land  containing 
the  lowest  depression  in  the  continental  divide  between  the  Arctic 
Ocean  and  the  Straits  of  Magellan,  and  a  large  navigable  stream  carry- 
ing the  surplus  waters  from  the  lake  to  the  Caribbean  Sea.  This  proj- 
ect is  especially  fortunate  in  having  at  its  summit  level  a  magnificent 
natural  reservoir.  Lake  Nicaragua,  fed  by  an  ample  drainage  basin. 
This  reservoir  is  useful  not  only  for  storing  water  for  operating  the 
locks  of  the  canal  but  also  as  a  regulator  for  the  control  of  great  floods 
that  could  hardly  be  provided  for  at  practicable  cost  without  its  aid. 
No  other  proposed  route  enjoys  advantages  of  this  kind, 

A  recent  study  of  the  geology  of  this  region  by  Dr.  C.  W.  Hayes,  of 
the  Geological  Survey,  has  brought  to  light  many  interesting  iacts 
which  serve  to  explain  the  origin  of  these  peculiar  conditions. 

Lake  Nicaragua  has  an  area  of  2,975  square  miles.  Its  greatest 
length  is  from  north-northwest  to  south-southeast,  and  is  about  100 
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miles.  Its  extreme  width  is  about  45  miles.  West  of  the  center  is  an 
island  occupied  by  the  \  olcanoes  Ometepe  and  Madera,  which  stands 
about  5,000  feet  above  the  lake  level,  adding-  greatly  to  the  scenic  beauty. 
Madera  is  the  most  southern  of  a  line  of  volcanoes  of  comparatively 
recent  origin  which  extends  in  a  northwesterly  direction  nearly  to  the 
Gulf  of  Fonseca,  including  Ometepe,  Zapatero,  ^lombacho,  Chiltepe, 
Momotombo,  and  many  others. 

The  prevailing  easterly  trade  winds  cause  a  moderately  heavy  surf 
to  beat  almost  constantly  on  the  western  shore,  resulting  in  the  forma- 
tion of  a  decided  beach  on  that  side,  while  the  eastern  shore  is  flat  and 
muddy,  with  no  well-marked  beach,  and  aquatic  vegetation  there  grows 
far  out  into  the  water. 

Excei)t  in  the  southeastern  portion  the  lake  is  deep,  reac^hing  in  one 
point,  near  the  southern  foot  of  Madera,  a  depth  of  i^OO  feet. 

Lake  Managua  lies  to  the  nortliwest  of  Lake  Nicaragua  and  drains 
into  the  latter  through  the  Tipitapa  River.  Its  area  is  about  500  square 
miles. 

RIO    SAN   JUAN. 

The  San  Juan  is  the  sole  outlet  of  Lake  Nicaragua  and  its  trib- 
utary drainage  basin.  Its  total  length  from  the  lake  to  the  sea  is  124 
miles,  and  it  is  usually  navigable  for  light-draft  river  steamers.  It 
leaves  the  lake  at  Fort  San  Carlos  at  an  altitude  varying  from  about 
97  feet  to  about  110.  Its  course  for  a  distance  of  26  miles  is  through  a 
low,  swampy  country  relieved  by  occasional  hills.  Through  this  course 
the  river  is  sluggish  and  receives  several  tributaries  of  small  discharge 
which,  in  the  dry  season,  are  practically  still  Avater.  The  principal  of 
these  are  the  Melchora,  Medio  Qneso,  Palo  de  Arco,  and  Negro.  The 
first  tributary  of  importance  to  the  San  Juan  is  the  Sabalos  River, 
which  enters  from  the  north  and  empties  26  miles  east  of  Fort  San 
Carlos.  About  half  a  mile  below  the  mouth  of  the  Sabalos  are  the  first 
rapids,  called  Toro  Rapids.  These  rapids  are  caused  by  bowlders  and 
gravel,  probably  brought  into  the  river  by  the  Sabalos  River  in  former 
times,  but  they  do  not  seriously  obstruct  navigation  except  in  times  of 
extremely  low  water.  Below  this  i^oint  the  San  Juan  receives  the  waters 
of  a  few  streams,  the  principal  of  which  are  the  Poco  Sol  and  the 
Santa  Cruz.  Ten  miles  below  Toro  Rapids  occur  the  largest  rapids  of 
the  river,  at  Castillo  Yiejo.  At  this  point  the  river  falls  about  5  feet 
in  a  few  hundred  feet,  and  steamers  are  seldom  taken  over  the  rapids 
except  in  high  water.  A  railroad  about  2,000  feet  long  is  ])rovided  for 
the  portage  of  freight  and  passengers  on  the  right  bank  of  the  river. 

Below  Castillo  are  the  Diamond,  Balas,  and  Machuca  ra^uds,  the  lat- 
ter being  13  miles  from  Castillo.  All  of  these  rapids  admit  the  passage 
of  river  steamers,  except  at  extreme  low  water.  Below  Machuca  there 
are  no  more  rapids."  The  river  is  deep  and  sluggish  for  a  distance  of 
about  17  miles,  to  the  point  where  it  receives  the  waters  and  sediment 
of  the  San   Carlos.     This  river  is  the  largest  tributary  of  the   San 
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Juan,  rising  far  to  the  southward  in  the  mountains  of  Costa  Rica  and 
bearing  such  a  volume  of  sediment  that  a  delta  has  been  built  up  at  its 
mouth,  and  from  this  point  to  the  sea  the  San  Juan  is  a  shallow  stream, 
with  sandy,  shifting  bed.  Twenty-five  miles  farther  down  the  Sarai)iqui 
em2)ties  into  the  San  Juan  from  Costa  Rica,  being  the  second  tributary 
in  size  to  the  San  Carlos,  and,  like  the  latter,  bearing  large  quantities 
of  sediment  in  times  of  flood.  Eight  miles  below  the  mouth  of  the  Sara- 
piqui  the  San  Juan  assumes  decidedly  the  character  of  a  deltaic  stream 
and  sends  out  a  small  distributary  known  as  the  San  Juanillo,  which 
"meanders  through  the  swamps  to  the  northward  and,  after  receiving 
the  drainage  of  the  Deseado,  reenters  the  San  Juan  4  miles  above  its 
mouth.  Six  miles  below  the  exit  of  the  San  Juanillo,  or  105  miles  from 
Lake  Nicaragua,  the  main  stream  of  the  San  Juan  separates  into  two 
large  distributaries,  the  larger,  called  the  Colorado  River,  flowing  east- 
ward directly  to  the  Caribbean,  and  the  smaller  or  lower  San  Juan 
meandering  to  the  northeast  and  finding  its  exit  into  the  ocean  at  San 
Juan  del  Norte.  Between  the  mouth  of  the  Colorado  and  the  Lower 
San  Juan  another  distributary,  called  the  Taura  River,  finds  its  way 
from  the  Lower  San  Juan  to  the  sea. 

The  principal  obstructions  to  free  navigation  of  light-draft  river  craft 
from  San  Juan  del  Norte  to  Fort  San  Carlos  consist  of  the  shoal  char- 
acter of  the  Lower  San  Juan,  especially  in  times  of  low  water,  and  of 
the  rai^ids  lying  between  Machuca  and  the  mouth  of  the  Sabalos.  For 
purposes  of  a  shij)  canal  the  river  also  requires  deepening  below  the 
mouth  of  the  San  Carlos  and  between  the  Sabalos  and  Fort  San  Carlos. 

In  Tertiary  time  the  range  of  mountains  on  the  east  side  of  the 
Isthmus  constituted  the  continental  divide,  with  its  lowest  depression 
near  Castillo,  the  x)oint  where  the  Rio  San  Juan  now  cuts  through  it. 
At  that  time  the  San  Juan  was  two  rivers,  occupying  substantially 
its  present  position,  one  flowing  to  the  east  and  the  other  to  the  west. 
Lakes  Nicaragua  and  Managua  did  not  exist.  The  spot  now  occupied 
by  Ometepe  and  Madera  was  the  head  of  a  bay  having  its  outlet  to 
the  Pacific  Ocean  north  of  the  department  of  Rivas.  The  strip  of  land 
west  of  Lake  Nicaragua  formed  the  i^eninsula  lying  between  this  bay 
and  the  Pacific  Ocean. 

The  post-Tertiary  eruption  of  Madera  and  Ometepe  and  the  line  of 
volcanoes  running  from  them  to  the  northwest  filled  the  bay  and  cut  off 
the  drainage  of  all  the  area  lying  in  this  vicinity  from  exit  into  the 
Pacific  Ocean.  The  mean  rainfall  of  the  region  being  greater  than  the 
evaporation,  water  collected  in  the  lowest  part  of  the  basin,  forming  a 
lake.  The  surface  of  this  lake  continued  to  rise  until  iX  reached  the  low- 
est gap  in  its  divide,  which  happened  to  be  at  the  head  of  the  San  Juan 
of  the  west  at  some  point  east  of  the  present  site  of  the  town  of  Castillo. 
At  this  j)oint  it  ran  over,  and  the  eastern  portion  of  the  San  Juan  was 
changed  from  a  diminutive  creek  with  an  insignificant  drainage  area  to 
to  a  roaring  torrent,  discharging  all  the  surplus  waters  of  the  lake  and 
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its  tributaries,  draining  more  than  15,000  square  miles.  It  cut  its  chan- 
nel rapidly  until  it  had  cut  through  the  softer  material  and  more  slowly 
when  it  reached  the  rock.  The  western  San  Juan  being  then  merely 
an  arm  of  the  lake,  the  cutting  of  the  channel  could  proceed  only  on  the 
eastern  side,  and  as  the  controlling  summit  was  lowered  it  also  receded 
to  the  westward  and  is  now  at  Castillo. 

This  is  the  history  of  the  formation  of  Lake  Nicaragua  and  of  the 
transference  of  the  continental  divide  from  the  main  range  on  the  east- 
ern side  of  the  Isthmus  to  what  was  a  low  spur  on  the  western  side. 

The  lowest  gap  in  the  western  divide  is  152  feet  above  sea  level,  or 
about  50  feet  above  mean  lake  level.  The  summit  of  the  divide  (m  the 
line  of  the  canal  is  sensibly  flat  for  a  considerable  distance — so  flat  that 
it  requires  caretiil  instrumental  examination  to  determine  just  where 
the  divide  is.  This  was  not  always  the  case.  In  fact,  the  physical  evi- 
dence is  conclusive  that  the  divide  was  once  much  nearer  the  Pacific 
coast,  probably  at  the  gorge  of  the  Rio  Grande  below  the  mouth  of  the 
Tola,  and  much  higher  than  the  present  divide.  The  western  slope  was 
then  very  steep,  falling  perhaps  a  hundred  feet  iu  a  mile.  The  eastern 
slope,  draining  toward  the  lake,  had  a  much  gentler  slope,  due  to  the 
distance  and  elevation  of  the  lake.  At  that  time  the  Tola  River  and  the 
Upper  Rio  Grande  drained  to  the  east  into  the  lake.  By  a  familiar  law 
of  erosion  the  waters  of  the  western  slope,  having  a  high  velocity,  cut 
their  channels  much  more  rapidly  than  those  on  the  east,  and  caused 
the  divide  to  move  eastward  until  the  Tola  River  was  cut  off  from  its 
drainage  system  and  its  waters  turned  to  the  Pacific.  This  moved  the 
divide  with  a  leap  to  the  eastern  side  of  the  Tola  Basin.  The  process 
did  not  stop  here,  however,  and  the  stream  continued  its  encroach- 
ments until  another  considerable  stream  was  captured,  and  now  forms 
the  head  of  what  we  call  the  Rio  Grande.  This  located  the  divide 
about  where  it  now  exists,  and  accounts  for  its  unusual  physical  char- 
acteristics and  its  low  altitude.  The  process  stiil  goes  on,  more  slowly 
than  before,  and  if  the  country  is  not  disturbed  by  igneous  agencies  or 
canal  builders  the  divide  will  continue  its  eastward  movement,  and 
unless  the  San  Juan  succeeds  sooner  in  cutting  down  the  rocky  barrier 
to  the  east  Lake  Nicaragua  will  eventually  flow  to  the  Pacific,  and  the 
continental  divide  will  be  shifted  back  to  the  east  of  the  lake. 

The  details  of  this  history  and  the  evidence  on  which  it  is  based  are 
discussed  at  length  by  Dr.  Hayes  in  a  report  on  the  geology  and  phys- 
iography of  the  Nicaragua  Canal  route :  Report  of  the  Nicaragua  Canal 
Commission,  1897-99,  Baltimore,  1899,  pp.  87-192,  Pis.  I-XVIII. 

BOUNDARY   DISPUTE. 

The  promise  which  the  construction  of  a  waterway  gives  of  increased 
development  and  commercial  importance  has  long  been  realized  by  the 
Central  American  republics,  and  has  been  a  source  of  considerable 
jealousy  between  Nicaragua  and  Costa  Rica,  and  until  recently  there 
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was  continual  dispute  over  the  boundary  line  between  the  republics, 
each  being  anxious  to  preserve  and  increase  its  territorial  interests  in 
13roximity  to  the  proposed  canal  route.  A  definite  treaty  was  finally 
made  between  the  two  republics  in  April,  1858,  article  2  of  which  runs 
as  follows: 

The  dividing  line  of  the  two  republics,  starting  from  the  northern  sea,  shall  com- 
mence at  the  extremity  of  Castilla  Point,  at  the  mouth  of  the  Rio  San  Juan  of  Nica- 
ragua, and  shall  continue  its  course  along  the  right  margin  of  said  river  to  a  points 
English  miles  distant  from  the  Castillo  Viejo,  measured  from  the  exterior  fortifica- 
tions of  said  castle  to  the  point  indicated.  From  there  a  curve  will  start,  the  center 
of  which  shall  be  said  works,  and  shall  preserve  a  distance  of  3  English  miles  from 
it  thronghout  its  development,  terminating  at  a  point  which  shall  be  2  miles  dis- 
tant from  the  bank  of  the  river,  upstream  from  the  castle.  From  there  the  line  shall 
continue  in  the  direction  of  the  Sapoa  River,  which  empties  into  Lake  Nicaragua, 
following  a  course  almost  2  miles  distant  from  the  right  margin  of  the  Rio  San  Juan, 
with  its  circumvolutions,  to  its  origin  at  the  lake,  and  of  the  right  margin  of  the 
lake  itself  to  the  said  Sapoa  River,  where  this  line,  parallel  to  said  margins,  will 
terminate.  From  the  point  of  intersection  with  the  Sapoa  River,  which,  from  what 
has  been  said,  should  be  2  miles  distant  from  the  lake,  a  right  astronomical  line 
shall  be  drawn  to  the  centra.1  point  of  Salinas  Bay,  in  the  southern  sea,  where  the 
demarcation  of  the  territory  of  the  two  rex)ublic8  shall  terminate. 

This  boundary  was  for  many  years  unsurveyed,  and  after  the  treaty 
of  1858  a  change  occurred  in  the  regimen  of  the  San  Juan,  by  which 
the  main  portion  of  its  waters,  instead  of  iiowing  to  the  sea  at  San  Juan 
del  Norte,  as  formerly,  followed  another  course  to  the  ocean,  known  as 
the  Colorado  Kiver,  while  the  Lower  San  Juan,  which  was  formerly  the 
main  stream,  became  a  subordinate  distributary.  This  led  to  a  new  dis- 
pute, Nicaragua  claiming  that  the  main  stream,  or  Colorado  River,  was 
the  true  boundary,  and  calling  in  question  in  general  the  validity  of 
the  provisions  of  the  treaty  of  1858.  This  dispute  was  submitted  to  the 
arbitration  of  President  Cleveland,  who  made  an  award  on  March  22, 
1888,  declaring  the  treaty  to  be  valid.  This  decision  was  accepted  by 
both  republics,  and  at  their  request  an  umpire  was  appointed  by  Presi- 
dent Cleveland  to  decide  doubtful  points  during  the  survey  of  the 
boundary  line.  Gen.  E.  P.  Alexander,  of  North  Carolina,  was  appointed 
to  fill  this  x>osition,  and  the  boundary  line  is  in  process  of  survey  at  the 
present  time. 

rai:n^faIjL. 

MISCELLANEOUS    RECORDS. 

Reliable  information  regarding  rainfall  in  Nicaragua  is  meager. 
There  is  a  record  of  nineteen  years  at  Rivas,  which  began  in  January, 
1880,  and  is  still  continued.  This  record  has  been  voluntarily  kei)t  by 
Dr.  Earl  Flint,  an  American  resident  of  Rivas.  A  rainfall  record  was 
kept  at  Masaya  from  July,  1880,  to  December,  1896,  by  Mr.  William 
Climie.  The  observations  were  then  transferred  to  Granada,  and  have 
been  continued  ever  since,  although  results  are  at  hand  only  to  the  end 
of  1897.  Observations  of  rainfall  were  also  made  in  Granada  in  1876 
by  Ramon  Espinola,  and  in  1877  by  Dr.  Flint;  also  in  1883  and  1884  by 
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the  National  Institute  at  (Iranada.  At  Bluefields  observations  were 
made  by  Hon  W.  H.  Jackson  and  others  from  September,  1883,  through- 
out 1884  and  1885  and  a  portion  of  1880.  The  Nicaragua  Canal  Com- 
pany kept  a  record  of  rainfall  at  San  Juan  del  Norte  for  the  years  1890, 
1891,  1892,  and  a  portion  of  1893.  These  records  have  been  furnished 
to  this  office  by  the  United  States  Weather  Bureau,  and  are  printed 
below.  The  Nicaragua  Canal  Commission  took  observations  at  a  num- 
ber of  i)oints  during  the  year  1898,  in  connection  with  other  meteorologic 
and  hydrographic  measurements,  and  the  results  are  given  below.  PI. 
LXVIII  shows  in  diagrammatic  form  the  contrast  between  the  distri- 
bution of  rainfall  on  the  Atlantic  and  that  on  the  Pacific  coast,  and 
PI.  LXIX  shows  the  comparative  rainfall  at  different  points  on  the 
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Fig.  219. — Comparative  rainfall  at  E-ivas  and  Masaya. 

San  Juan.  An  examination  of  the  records  and  diagrams  shows  that 
along  the  eastern  coast  there  is  no  dehnite  dry  season.  The  maximum 
rainfall  yet  measured  was  for  the  year  1890,  when  nearly  300  inches  of 
rain  fell  at  San  Juan  del  Norte,  and  the  year  1892  showed  nearly  as 
much.  In  the  region  of  Lake  Nicaragua  and  on  the  west  coast  there  is 
a  distinct  dry  season  from  about  the  1st  of  December  to  the  middle  of 
May,  during  which  rain  seldom  falls,  and  never  in  large  quantities. 
The  total  rainfall  on  the  eastern  coast  is  much  greater  tlian  on  the 
western,  both  from  the  absence  of  any  dry  season  and  from  heavier 
monthly  rainfall,  the  mean  so  fp^r  observed  at  Kivas  being  under  70 
inches,  while  that  at  San  Juan  del  Norte  is  about  250.  This  fact  is 
easily  explained  by  the  direction  of  the  trade  winds,  which  blow  with 
remarkable  persistency  and  uniformity  from  the  Caribbean   Sea  and 
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are  robbed  of  the  greater  part  of  their  moisture  in  passing  over  the 
mountains  east  of  Lake  Nicaragua.  The  gap  formed  in  these  moun- 
tains by  the  San  Juan,  however,  allows  a  portion  of  the  moisture  to  be 
carried  past  even  during  the  dry  season,  so  that  at  Fort  San  Carlos, 
where  the  San  Juan  leaves  Lake  Nicaragua,  rain  is  liable  to  fall  dur- 
ing any  month  in  the  year,  though  in  quantities  far  less  than  on  the 
Atlantic  coast,  while  on  the  eastern  and  southern  shores  of  Lake  Nica- 
ragua, a  few  miles  north  or  south  of  Fort  San  Carlos,  no  rain  falls  in 
the  dry  season. 

Rainfall  at  Bluefields,  yicaragua. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

1883 

3.42 
5.82 
8.07 

8.13 
■4.99 
2.69 

12.13 
9.71 
7.70 

17.00 

11.15 

3.15 

97.72 
81.53 

1884 

1885 

1886 

10.25 
1.96 
7.28 

6.39 
1.60 
3.94 

3.21 
2.66 
1.63 

2.06 

2.87 

2.67 
5.89 

8.01 
13.37 

17. 06 
19.82 

16.40 

11.75 

8.55 

1 

liainfall  at  San  Juan  del  Norte,  Nicaragua. 


Year. 

Jan. 

Feb. 

Mar. 

5.93 
1.95 
4.98 
3.93 
10.16 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

1890 

1891 

1892 

1893 

1898 

26.80 
20.30 
28.57 
17.70 
19.  44 

6.36 
2.57 

11.38 
7.53 

25.17 

18.11 

10.40 

18. 38 

9.99 

6.90 

4.93 
13.78 
50.88 

2.77 
9.37 

46.84 
26.95 
13.42 

52.55 
23.57 
38.96 

35.72 
19.49 
23.63 

8.14 
14.16 
11.47 

24.36 
20.21 
27. 95 

25.  55 

28.15 
36.93 

41.65 
32.74 
24.65 

296. 94 
214. 27 
291.  20 

19.52 

24.63 

16.38 

7.24 

12.50 

32.35 

17.06 

200. 72 

Monthly  raitifall  at  Rivas,  Nicaragua. 
[Latitude,  10°  26'  N. ;  longitude,  85°  47'  W. ;  elevation,  210  feet.] 


Tear. 


1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

Mean . . 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1 
Aug. 

0.00 

0.00 

0.00 

0.00 

10.23 

12.58 

3.62 

10.48 

0.00 

0.00 

0.00 

0.12 

5.20 

13.17 

8.88 

6.96 

0.00 

0.13 

0.00 

0.00 

4.26 

9.80 

4.04 

6.25 

0.28 

0.00 

0.00 

0.14 

1.00 

8.07 

4.87 

4.34 

0.59 

0.09 

0.00 

2.03 

2.80 

10.43 

4.98 

3.84 

0.04 

0.00 

0.00 

0.00 

1.78 

7.27 

4.81 

2.76 

0.23 

0.20 

0.00 

0.17 

13.00 

7.87 

15.00 

20.80 

0.90 

0.81 

0.00 

0.00 

9.17 

8.18 

4.10 

5.03 

1.83 

0.04 

0.00 

0.00 

7.12 

8.50 

4.18 

5.00 

0.00 

0.19 

0.07 

1.71 

11.34 

11.64 

7.48 

12.95 

0.49 

0.11 

0.94 

0.00 

2.63 

4.56 

4.73 

3.78 

0.00 

0.00 

0.00 

0.78 

0.75 

24.58 

4.38 

4.21 

0.19 

0.00 

0.00 

0.00 

13.30 

9.80 

9.19 

7.48 

0.06 

0.39 

0.00 

0.11 

20.03 

21. 14 

13.22 

18.70 

2.12 

2.36 

0.08 

0.00 

7.76 

6.32 

3.64 

4.57 

0.00 

0.00 

0.19 

0.00 

8.11 

11.00 

5.25 

3.42 

0.40 

0.08 

0.00 

T. 

3.26 

6.23 

7.43 

6.57 

0.33 

T. 

1.04 

0.00 

21.30 

24.34 

6.41 

12.10 

1.07 
0.45 

0.12 

0.10 

0.00 

16.17 

18.95 

13.65 

11.85 

Or  24 

0.13 

0.27 

8.38 

11.81 

6.83 

7.95 

Sept. 

1 

Oct. 

7.95 

13.83 

7.42 

24.67 

7.65 

23.38 

5.78 

18.25 

4.48 

15.83 

5.40 

7.88 

15.30 

10.40 

19. 42 

22.47 

9.80 

16.80 

9.80 

24.13 

2.77 

9.68 

12.  42 

14.90 

12.  22 

21.26 

14.00 

13.56 

4.33 

14.62 

8.01 

8.97 

7.40 

7.42 

17.63 

33.85 

13.99 

20.83 

9.78 

16.99 

Nov. 


5.02 
10.88 
4.20 
5.70 
7.43 
4.36 
3.75 
2.50 
1.11 
3.38 
1.30 
2.34 
4.40 
1.44 
3.21 
2.04 
8.62 
5.15 
8.19 


Dec.  Annnal, 


4.47 


0.67 
1.91 
1.61 
1.34 
2.24 
0.29 
0.49 
2.31 
1.13 
1.67 
0.82 
1.67 
0.43 
2,48 
0.43 
0.20 
0.39 
1.28 
3.14 


1.29 


64.38 
79.21 
61.32 
49.77 
54.74 
34.59 
87.21 
74.89 
55.51 
84.36 
31.81 
66.03 
78.27 
105. 13 
49.44 
47.66 
47.80 
123. 43 
108. 06 


68.61 
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Monthly  7'ainfall  at  Masaya,  1886-1S96,  and  Granada,  1897,  Nicaragua. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1886 

8.23 
7.39 

15.26 
5.74 

15.34 
9.15 

11.19 
23.56 

0.69 
0.94 

0.02 
0.99 

72.70 
61.22 

1887 

0.30 

0.00 

0.00 

0.00 

2.42 

10.73 

1888 

0.05 

0.14 

0.00 

0.00 

7.09 

12.09 

4.95 

9.50 

17.21 

7.67 

0.00 

0.00 

5S.70 

1889 

0.00 

0.00 

2.39 

1.18 

6.43 

17.00 

7.87 

13.43 

14.53 

13.36 

2.34 

0.25 

78.78 

1890 

0.14 

0.00 

0.00 

0.60 

1.82 

3.00 

2.86 

2.66 

2.95 

5.89 

0.42 

0.18 

20.52 

1891 

0.19 

0.00 

0.00 

1.02 

0.48 

20.94 

4.52 

4.20 

10.40 

5.45 

2.78 

0.00 

49.98 

1892 

0.00 

0.00 

0.00 

0.00 

7.36 

14.42 

8.70 

6.75 

9.64 

15.71 

1.66 

0.30 

'64.54 

1893 

0.00 

1.15 

0.00 

0.00 

9.26 

11.78 

11.47 

15.82 

12.67 

6.51 

2.70 

1.50 

72.86 

1894 

0.32 

0.50 

0.00 

0.00 

7.87 

4.77 

3.32 

4.00 

7.49 

13.42 

1.08 

0.11 

42.88 

1895 

0.00 

0.00 

0.00 

0.41 

4.57 

4.71 

5.  22 

2.90 

8.36 

14.46 

0.57 

0.06 

41.20 

189G 

0.23 

0.00 

o.oc 

0.09 

5.62 

7.90 

7.13 

2.98 

6.62 

4.22 

4.85 

0.00 

39.64 

1897 

Mean.. 

0.00 

0.00 

0.97 

1.77 

16.63 

30.79 

8.88 

10.87 

10.  21 

11.97 

1.25 

0.28 

93.  62 

0.11 

0.  IG 

0.31 

0.46 

6.32 

12.56 

6.71 

7.84 

10.38 

11.12 

1.61 

0.31 

57.89 

Precipitation  at  San  Jose,  Costa  Rica. 
[Latitude,  9°  56'  N.;  longitude,  84°  8'   W.;  elevation,  3,750  feet.] 


Year. 


1866.. 
1867.. 
1868.- 
18G9.. 
1870.. 
1871.- 
1872.. 
1873.. 
1874.- 
1875.. 
1876.. 
1877.. 
1878.. 
1879.- 
1880.- 
1884.- 
1885.- 
1886.. 
1887.. 
1888.. 
1889.. 
1890.. 
1891.. 
1892.. 
1893.- 


Jan. 


1.30 
3.  86 
0.00 
0.28 
C.04 
1.10 
0.12 
2.52 
1.81 
0.00 
0.55 
0.55 
0.00 
0.51 
0.32 
0.00 
0.00 
0.00 
0.00 
0.63 
0.01 
0.87 
0.03 
0.00 
0.04 


Feb.    Mar. 


Apr. 


0.28 
2.21 
0.00 
0.00 
0.24 
0.12 
0.12 
0.00 
0.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.71 
0.08 
0.08 
0.01 
0.00 
0.00 


0.00 
0.38 
7.13 
0.28 
1.22 
0.32 
0.59 
0.12 
0.79 
0.00 
0.43 
0.00 
1.50 
1.77 
0.00 
0.08 
0.00 
2.05 
0.67 
0.00 
2.91 
0.75 
0.05 
0.13 
0.02 


1.14 
3.86 
0.01 
1.10 
0.67 
0.51 
1.97 
2.80 
2.36 
1.10 
0.24 
0.00 
1.97 
7.56 
0.59 
0.32 
1.85 
8.98 
0.28 
0.55 
2.41 
2.52 
0.74 
0.07 
0.47 


May. 


June. 


5.47 
8.23 
3.27 
7.95 

13.11 

11.42 
9.61 
2.52 

13.23 
9.92 
9.72 
9.45 
3.59 
8.66 

10.00 
0.43 
5.98 

15.55 
9. 96 
7.07 

14.57 

10.08 
4.26 

12.17 
8.73 


July. 


4.84 

8.11 

5.91 

8.58 

10.87 

7.99 

10.04 

8.07 

6.57 

7.09 

9.33 

6.57 

7.36 

12.99 

8.27 

2.44 

3.07 

16.85 

14.16 

10.24 

8.08 

11.65 

7.74 

15.06 

15.  28 


12.60 
8.43 
4.02 
5.91 
9.45 

14.33 
7.5G 
5.71 
6.38 
3.66 
6.02 
8.78 
8.07 

18.11 
4.09 
0.59 
7.84 

20.59 
5.61 
5.49 
6.06 

15.67 
8.00 
8.70 

13.90 


Aug. 


Sept. 


6.14 

7.48 

5.12 

5.20 

11.18 

12.09 

14.88 

3.35 

7.13 

11.57 

7.56 

6.26 

5  87 

11.14 

17.17 

0.67 

3.86 

19.61 

9.40 

5.54 

10.76 

10.55 

9.84 

13.75 

13.76 


10.79 
12.36 

8.82 
15.47 

9.45 

9.65 
15.  G3 
15.  24 
12.56 
10.98 

8.11 
10.  20 
12.99 
13.82 

6.50 

4.41 
15.59 
22.91 
11.24 
15.71 
16.89 

8.35 
12.30 
14.84 
20.75 


Oct. 


9.84 

8.39 

15.47 

11.06 

10.32 

13.11 

19.84 

10.32 

7.52 

13.35 

4.61 

3.74 

9.37 

9.09 

10.94 

1.89 

12.  87 

28.  67 

13.16 

10.39 

20.48 

7.99 

1.0.48 

21.36 

14.93 


Nov. 


6.73 
9.61 
5.67 
3.07 
7.24 
4.49 
5.59 
4.76 
1.65 
0.83 
2.76 
4.76 
8.78 
2.40 
3.62 
7.44 
16.22 
16.81 
4.93 
2.01 
2.45 
2.56 
5.57 
5.03 
7.08 


Dec. 


4.80 
0.55 
0.67 
4.02 
1.30 
0.43 
0.83 
0.43 
0.79 
1.26 
I.IO 
3.11 
0.79 
0.32 
0.00 
1.22 
2.32 
2.28 
2.07 
0.87 
0.48 
0.71 
1.16 
0.44 
2.94 


Annual. 


63.  93 
73.47 
56.09 
62,92 
75.09 
75.56 
86.78 
55.84 
60.83 
59.76 
50.43 
53.42 
60.  29 
80.37 
61.50 
19.49 
69.60 
154.  30 
71.48 
59.  21 
85.18 
71.78 
65.18 
91.55 
97.90 
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HYDROGRAPHY    OF    NICARAGUA. 


RECORDS   OF   NICARAGUA   CANAL    COMMISSION. 

Monthly  rainfall,  Nicaragua,  1898. 


Station. 


Brito    and 
Tola 


Rivas 

Las  Lajas. .. 
Viejo  River. 

Tipitapa 

Morrito 


Jan. 


0.25 
1.07 
0.25 


Feb. 


Fort  San  Car- 
los  


Sabalos 

Castillo 

Macliuca  . . . 

Rio  San  Car- 
los   


Ocboa  

San    F  r  a  n  - 
Cisco 

Sarapiqui 

Deseadoa 

San  Juan  del 
Norte 


13.07 


15. 33 


21.92 


19.44 


0.00 
0.12 
0.05 
0.01 
0.00 


14.08 


18.43 


26.98 


25.17 


Mar. 


0.08 
0.10 
1.34 
0.66 
0.26 


Apr. 


1.41 
2.10 


7.52 
8.04 

8.72 


11.76 
10. 16 


0.08 
0.00 
0.28 
0.00 
0.00 
0.07 

3.00 
6.00 


May. 


11.30 
16.17 
10.60 
13.78 
8.  56 
8.92 

8.22 
11.09 


June. 


11.66   20.12 
12.23    15.25 

11.25    13.87 


14.86 
18.95 
13.50 
13.45 
16.88 
14.05 

15.56 


July. 


11.42 
13.65 
10.64 
4.01 
6.24 
13.84 

13.35 


17.13   20.69 
18.92 


Aug.  Sept. 


6.17 
11.85 

8.44 
11.66 

7.82 
10.20 

8.00 
11.33 


16.60 

13.99 

6.79 

7.22 

11.25 


Oct. 


10.56 
11.42 


11.46    16.22 
8.51    12.86 


8.83    14.84 


7.82 


9.37 


20.79    18.26  111.  68  ! 

21.47    21.60  I12.O8  I15.I2 

18.87  1I9.22    13.45  ,10.95 
I ' 11.19 


18.66 


19.52 


26.86  13.31 


24.63 


5.23 


16. 38     7. 24 


25.70 
20.83 


8.99 
7.12 


8.93 

11.50 

4.64 

9.83 


8.02 

9.00 
11.35 
11.92 

12.50 


Nov. 


6.01 
8.19 
4.41 
0.61 
0.93 


9.86 
12.17 
14.04 
15.65 


Dec. 


2.41 


2.26 
0.17 
0.17 


21.50 

22.38 
18.63 
29.25 

32.35 


5.62 

10.20 

9.08 

6.75 


8.38 

10.61 

6.75 

21.07 

17.06 


Total. 


94.88 
104.92 
58.56 
60.56 
59.23 


84.51 
114. 23 


170.  84 
172. 08 


210.  63 
201.  64 


aRainfall  not  observed  from  December  25  to  31,  1898;  the  record  was  completed  by  including  the 
corresponding  days  of  1897. 
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FlQ.  220.— Comparative  monthly  rainfall  at  San  Juan  del  Norte  (Grey town),  Ochoa,  Fort  San  Carlos 

and  Tola. 
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TEMPERATURE  A1S[D  RELATIVE  HUMIDITY. 

The  climate  of  Nicaragua  may  be  regarded  as  insular,  as  it  is  remark- 
ably uuiform.  It  is  never  very  hot,  and  hardly  ever  cool.  In  no  part 
of  the  country  is  there  the  slightest  danger  of  frost.  The  climate  is 
somewhat  cooler  and  more  uniform  on  the  east  than  on  the  west  coast, 
but  in  general  it  may  be  said  that  the  temperature  seldom  exceeds  90^ 
F.,  nor  falls  below  70°.  The  following  synopsis  of  monthly  temperature 
and  relative  humidity  is  made  from  the  observations  of  the  Nicaragua 
Canal  Commission: 

Temiierature  and  relative  humidity. 
LAS  LAJAS. 


February. . 

March 

April 

May 

June 

July 

August 

Sex>teniber 
October  ... 
November  . 
December  . 


Month. 


1898. 


Temperature. 


Maxi- 
mum. 


Mini- 
mum. 


80 

75 

84 

75 

86 

77 

91 

73 

91 

73 

85 

74 

85 

74 

85 

73 

Mean. 


n.  / 
79.5 

80.8 
82.1 
81.4 
79.7 
80.7 
79.4 


86 
83 


73 
73 


79.3 
78.3 


Kola  five 
Luiiiidity. 


81.1 
79.3 
79.1 
83.0 

84.8 
86.6 
87.0 
90.4 


89.7 
91.  1 


VIEJO  RIVER  STATION. 


1898 

February 

March 

April 

May 

June 

July 

August 

September 


89 

63 

78.1 

97 

62 

78.8 

94 

69 

82.8 

96 

71 

82.3 

94 

70 

80.6 

89 

70 

78.8 

90 

71 

78.4 

89 

70 

58.9 
59.1 
59.4 
71.0 
81.4 
79.6 
83.1 
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Temperature  and  relative  humidity. 
FORT  SAN  CAKLOS. 


MODtll. 


1898 

March 

April  

May 

June 

Julv 

August  

September 

October 

November 


Temperature. 


Maxi- 
mum. 


88.0 
88.5 
91.0 
90.0 
89.5 
89.0 
90.0 
90.0 
88.5 


Mini- 
mum. 


70.0 
70.5 
73.0 
73.0 
72.0 
73.5 
72.5 
74.0 
72.0 


Mean. 


78.1 
78.5 
80.0 
79.5 
78.2 
79.1 
79.6 
79.8 
77.9 


Relative 
humidity. 


58.0 
79.1 
85.9 
88.9 
88.9 
89.5 
87.3 
88.8 
90.1 


SABALOS. 


1898 

February  

March 

April 

May 

June 

July 

August  

September 

October 

November 


90 
90 
89 
89 
89 
89 
87 
90 
90 
88 


67 
69 
66 
71 
71 
71 
70 
71 
71 
68 


75.5 
76.7 
76.8 
77.8 
77.7 
77.1 
77.5 
78.0 
78.2 
77.0 


87.2 
84.8 
85.3 
87.8 
90.0 
92.0 
91.0 
87.4 
87.4 
90.4 


RIO   SAN  CARLOS  STATION. 


1898. 

January 

February  

March 

April 

May 

June 

Jnly 

August 


86 

69 

75.8 

89 

66 

74.5 

88 

68 

77.0 

91 

70 

77.6 

95 

72 

80.7 

93 

73 

79.9 

88 

71 

77.6 

88 

72 

78.0 

92.0 

88.1 
86.8 
86.5 
88.5 
87.2 
89.3 
89.2 
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Temperature  and  relative  humidity. 
OCHOA. 


Month. 


1898 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Temperature. 


Maxi- 
mum. 


83 
85 
87 
88 
94 
90 
89 
87 
91 
95 
89 
58 


Mini- 
mum. 


66 
66 
67 
66 
72 
71 
70 
71 
70 
71 
70 
67 


Mean. 


73.9 
73.3 
75.1 
75.8 
78.3 
77.5 
76.6 
77.0 
77.5 
78.2 
76.1 
75.1 


Tlelative 
liumiditv. 


91.6 
90.4 
87.6 
88.8 
90.0 
90.7 
91.5 
91.4 
89.6 
89.4 
92.0 
91.0 


CAMP  BARTON  ON  DESEADO  RIVER. 


1898 

January 

February 

March „.  . 

April 

May --. 

June 

July 

August 

September 

October  

November 

December 


86 

65 

74.1 

84 

66 

74.1 

87 

68 

77.2 

87 

67 

78.8 

91 

72 

79.5 

86 

73 

78.9 

85 

73 

78.1 

87 

73 

78.3 

91 

73 

79.8 

89 

72 

79.5 

88 

71 

76.8 

84 

66 

76.1 

94.7 
90.2 
84.7 
85.2 
89.4 
91.0 
92.2 
91.8 
86.8 
88.8 
94.3 
94.0 


SAN  JTJAN  DEL  NORTE,  NICARAGUA. 


1898. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


86 

67 

77.5 

84 

71 

77.1 

90 

69 

78.4 

89 

69 

79.9 

94 

73 

80.4 

90 

72 

79.3 

90 

74 

80.0 

95 

73 

80.0 

96 

72 

81.2 

96 

72 

81.4 

92 

72 

79.7 

91 

72 

75.3 

82.5 
81.7 
80.2 
79.0 
82.1 
91.4 
91.3 
84.9 
85.0 
84.8 
87.7 
88.0 
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Observations  were  taken  at  various  points  during  1898  by  the 
]S"icaragua  Canal  Commission,  the  principal  object  being  to  determine 
the  rate  of  evaporation  from  Lake  Nicaragua.  The  obstacles  to  obser- 
vations were  very  great  and  those  made  were  necessarily  somewhat 
inaccurate,  owing  chiefly  to  the  frequent  and  heavy  falls  of  rain.  The 
general  result  seemed  to  indicate  a  daily  evaporation  in  the  region  of 
Lake  Nicaragua  of  about  0.2  inch  per  day  during  the  dry  season. 
The  observations  taken  furnished  another  and  probably  more  reliable 
method  of  computing  the  evaporation  from  the  lake. 

Records  showing  the  height  of  the  surface  of  the  lake  were  kept  at 
San  Carlos,  San  Ubaldo,  and  Las  Lajas.  Observations  of  rainfall  were 
taken  at  all  these  places  and  at  Tipitapa,  about  10  miles  northwest  of 
the  lake.  A  circuit  of  the  lake  was  made  in  April  and  May  for  the 
purpose  of  measuring  the  inflowing  streams,  the  influx  at  this  seasou 
being  very  small.  A  record  of  the  discharge  of  the  Rio  San  Juan  was 
kept  at  Sabalos  abore  Toro  Rapids.  From  Ai)ril  10  to  May  10  the  lake 
fell  8.61  inches.     During  the  same  time  rain  fell  as  follows: 

Inches. 

San  Carlos .3.  20 

Las  Laj  as 0.  22 

San  Ubaldo 0.50 

Tipitapa 0.  00 

Total 3.92 

Mean 0.  98 

The  measured  outflow  was  714,000  acre-feet,  and  the  inflow  is  esti- 
mated to  have  been  120,000  acre  feet,  making  a  net  decrease  of  3.50 
inches  in  lake  elevation,  due  to  flowage. 

Assembling  these  facts,  we  have — 

Evaporation  for  one  month=8.61 -4-0.98—3.50=6.12. 

This  result  is  about  the  same  as  that  given  by  the  observations  and 
may  be  taken  as  reasonably  accurate  for  the  region  of  Lake  Nicaragua 
during  the  dry  season.  In  the  rainy  season  of  course  it  is  less,  and  the 
region  lying  eastward  of  Lake  Nicaragua  having  a  progressively 
greater  relative  humidity  also  affords  a  smaller  evaporation. 

RESOURCES   AXD   PRODUCTIONS. 

Although  Nicaragua  is  almost  entirely  covered  with  dense  forest 
growth,  really  useful  timber  is  not  abundant.  A  district  on  the  Atlan- 
tic slope  near  Bluefields  affords  large  quantities  of  yellow  pine  of 
inferior  quality,  which,  however,  is  not  yet  easily  accessible. 

The  only  timber  yet  used  to  any  extent  for  lumber  is  cedar,  which 
is  soft,  straight  grained,  easily  worked,  and  durable.  The  trees  are 
scattered  and  not  plentiful.     The  lumber  is  mostly  sawed  by  hand, 
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All  the  lumber  used  by  the  Maritime  Canal  Company  was  imported 
from  the  United  States. 

The  timber  of  greatest  value  is  mahogany,  which  is  cut  for  export,  to 
be  used  as  an  ornamental  wood  and  in  cabinet  making.  The  monopoly 
of  its  export  is  conceded  to  an  American  firm. 

A  wild-cotton  tree  is  sometimes  used  in  making  canoes. 

A  number  of  the  forest  woods  found  in  Nicaragua  are  heavy  and  so 
hard  that  it  is  not  i)ossible  to  drive  nails  or  spikes  into  them,  but  are 
exceedingly  durable.  Of  this  class  are  rosewood,  cortes,  granadillo, 
rouroTi,  lignum- vitic,  nispero,  madera  negra,  guachipilin,  guiliguiste, 
I)alo  de  carbon,  coyote,  and  'chiquirin.     i^umerous  dyewoods  are  also 

found. 

A  large  number  of  edible  tropical  fruits  are  found  in  Nicaragua,  some 
of  them  wild  and  some  cultivated.  The  orange,  lemon,  cocoanut,  i3ine- 
apple,  and  banana  are  all  too  familiar  to  need  description.  The  nispero^ 
mango,  and  zapote  are  very  sweet  and  juicy,  and  are  eaten  in  large 
quantities.  The  jocote,  mamon,  guava,  guiscoyal,  and  many  others  are 
gathered,  sold,  and  used  for  food.  The  breadfruit  is  one  of  the  most 
useful  of  the  products  of  Nicaragua,  but  is  little  appreciated  and  sel- 
dom obtainable.  It  grows  upon  beautiful  trees,  which  begin  to  bear  at 
the  age  of  4  or  5  years,  and  when  properly  cared  for  the  yield  is  enor- 
mous. It  can  be  cooked  in  a  great  variety  of  ways  and  is  very  palata- 
ble and  nutritious. 

Tlie  chief  articles  of  diet  among  the  natives  are  plantains,  beans,  and 
rice.  The  plantain  closely  resembles  the  banana,  but  is  larger,  firmer, 
and  not  so  sweet.  It  is  eaten  chiefiy  while  green,  being  then  prepared 
by  boiling.  When  ripe  it  is  baked  or  fried,  and  is  very  sweet.  It  is 
somewhat  remarkable  tliat  the  plantain  has  not  been  introduced  as  an 
article  of  food  in  northern  countries. 

Beans  and  rice  are  raised  in  Nicaragua,  and  produce  abundantly,  but 
the  consumption  exceeds  the  supply,  and  large  quantities  are  imported. 

Coffee  of  good  quality  is  produced  in  northern  Nicaragua  in  the 
neighborhood  of  Jinotega  and  Matagalpa,  and  also  in  the  vicinity  of 
Jinotepe  and  Managua,  being  most  successfully  grown  in  mountainous 
regions.  It  furnishes  the  principal  table  beverage,  and  is  largely 
exported.  Another  popular  table  drink  is  made  from  "  cacao,'^  or  choco- 
late, boiled  and  served  hot.  Mixed  with  inarched  corn  meal,  this  is 
sweetened  and  drunk  in  cold  water,  making  a  refreshing  and  nutritious 
beverage.  The  cultivation  of  cacao  is  at  x)resent  very  i^rofitable,  the 
local  price  being  high,  and  the  home  demand  greater  than  the  supply. 

Sugar  cane  grows  abundantly,  and  nearly  all  the  demand  for  sugar 
is  supplied  by  home  manufactories,  the  largest  being  at  San  Antonio, 
operated  by  an  English  corporation.  The  poorer  classes  use  large 
quantities  of  a  low  grade,  dark-brown  sugar  in  cakes  called  ''dulce," 
while  a  higher  grade  is  used  in  the  cities  and  some  is  exported.  Large 
quantities  of  sugar  cane  are  used  in  the  manufacture  of  a  kind  of  rum 
called  "  aguardiente.'^ 
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Tobacco  of  fair  quality  is  ^rown  in  sufficient  quantity  to  supply  the 
home  demand;  which  is  heavy,  as  both  men  and  women  smoke. 

One  of  the  principal  exports  of  Mcaragua  is  india  rubber,  or  ''hule." 
It  is  little  cultivated,  but  grows  wild.  To  gather  this  product,  the 
^'huleros"  cut  two  or  more  vertical  channels  through  the  bark  of  the 
tree  from  top  to  base;  then  numerous  oblique  channels  are  cut  leading 
into  the  vertical  ones.  The  sap  or  milk  from  these  wounds  coagulates^ 
and  is  gathered  in  long  strips  from  the  grooves,  and  is  ready  for  market. 
Many  of  the  huleros  are  very  destructive,  often  felling  the  trees  to  facili- 
tate the  process  of  gathering. 

The  fauna  of  Nicaragua  is  characteristic  of  the  Tropics.  Monkeys 
are  abundant,  and  are  sometimes  killed  for  food.  The  tapir,  peccary, 
and  deer  are  the  principal  game.  Fish  are  caught  in  most  of  the 
streams,  and  alligators  swarm  in  many  of  them. 

Horses,  cattle,  sheep,  and  hogs  are  raised,  and  some  are  exported. 
Their  size,  however,  is  small,  and  their  quality  is  poor. 

Carriages  are  used  in  the  cities,  but  in  the  country  the  only  vehicle 
in  general  use  is  the  caretta,  a  rude,  narrow,  two- wheeled  cart  drawn 
by  oxen.  The  roads  are  very  poor,  and  in  the  rainy  season  usually 
impassable.  The  favorite  methods  of  private  transportation  are  by 
dugout  canoe  on  the  lakes  and  rivers,  and  by  horseback  or  pack  mule 
on  land. 

There  are  two  railways,  one  from  Corinto  to  Momotombo,  and  one 
from  Managua  to  Granada.  They  operate  in  connection  with  the 
steamer  lines  on  the  lakes  and  the  Eio  San  Juan,  and  complete  the  line 
of  transit  from  ocean  to  ocean. 

The  mineral  resources  of  Nicaragua  are  considerable,  but  have  been 
but  little  exploited.  The  principal  obstacle  to  their  development  is 
the  wretched  means  of  transportation.  The  most  common  method  of 
access  to  the  mining  districts  is  by  means  of  pack  mules,  and  even  this 
method  is  difficult  in  the  rainy  season.  The  total  production  of  gold  in 
Nicaragua  is  estimated  at  22,700  ounces  per  annum.  Silver  occurs  in 
considerable  quantities,  and  copper,  tin,  zinc,  and  antimony  are  also 
found.  The  code  of  mining  laws  is  a  very  voluminous  document. 
Mining  machinery  is  admitted  free  of  duty,  and  no  taxes  are  levied 
on  mines.  The  rights  of  foreigners  and  natives  are  the  same  in  rela- 
tion to  the  ownership  and  operation  of  mining  property. 

popur.ATio:N^. 

The  present  population  of  Nicaragua  is  between  300,000  and  400,000 — 
only  about  8  to  the  square  mile.  To  each  hundred  inhabitants  there 
are  50  Indians,  1  negro,  45  of  mixed  blood,  and  4  whites.  They  are 
sharply  divided  into  classes,  the  caballeros,  or  "gentlemen,"  and  the 
peons,  or  laborers,  who  can  be  distinguished  by  their  costume  as  far  as 
they  can  be  seen. 

This  classification  is  punctiliously  observed  on  all  occasions,  and  is 
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particularly  noticeable  on  railroad  trains  and  steamboats.  The  upper 
classes  dress  very  much  as  we  do  in  summer,  thnt  season  being  perpetual 
in  Nicaragua.  Among  the  lower  classes  the  men's  costume  usually  con- 
sists of  a  straw  hat  and  a  short  cotton  shirt  and  trousers  of  darker 
material.  No  shoes  are  worn,  but  sometimes  a  pair  of  light  sandals  are 
used  as  a  protection  against  thorny  or  hot  ground.  The  dress  of  the 
women  is  even  more  scant,  being  minus  the  hat  and  sandals,  a  skirt 
being  substituted  for  the  trousers,  and  the  arms  and  upper  part  of  the 
bust  being  entirely  bare. 

Article  0  of  the  constitution  of  Nicaragua  declares  that  -'the  religion 
of  the  Republic  is  the  Koman  Catholic  Apostolic."  Practically  all  the 
inhabitants  of  the  country  profess  that  faith,  and  this  has  been  the  case 
for  nearly  four  centuries.  Marriage  is  the  exception  rather  than  the 
rule,  and  a  majority  of  the  children  are  illegitimate. 

The  country  people  and  the  i)oor  of  the  cities  live  in  thatched  huts, 
with  walls  rudely  constructed  of  upright  poles,  or  no  walls  at  all.  The 
better  buildings  in  the  cities  are  of  stone,  brick,  or  adobe,  stuccoed  with 
cement,  and  covered  with  tiles.  They  are  cool  and  comfortable  and 
almost  tireproof,  but  sadly  lacking  in  light.  The  President's  palace  in 
Managua  has  glass  windows,  and  a  few  Americans  in  San  Juan  del 
Norte  enjoy  the  same  luxury.  But  in  Leon,  Granada,  Eivas,  or  any 
other  city  of  Nicaragua,  there  is  hardly  a  pane  of  glass.  By  far  the 
finest  buildings  are  the  churches  and  cathedrals.  The  sidewalks  are 
often  only  3  or  4  feet  wide  and  change  their  grade  with  nearly  every 
house  they  pass,  so  it  is  necessary  to  climb  up  or  down  several  steps 
every  50  feet  or  so.  The  streets  are  narrow  and  usually  unpaved.  But 
most  of  the  towns  are  built  on  sandy  or  rocky  ground,  so  that  mud  is 
not  much  encountered. 

The  Government  of  Nicaragua  is  nominally  a  Eepublic,  patterned  after 
that  of  the  United  States,  but  in  reality  it  is  a  military  despotism  ruled 
arbitrarily  by  the  President  and  the  army  under  his  command.  Insur- 
rections are  frequent  and  greatly  disturb  the  business  interests  and 
prosperity  of  the  State,  which  is  being  steadily  impoverished  under 
these  influences. 

THE   SHIP-TRANSIT  PROBTjEM. 

When  the  three  little  caravels  of  Christopher  Columbus  sailed  from 
Palos,  Spain,  in  1492,  it  was  with  the  object  of  reaching  the  southern 
and  eastern  shores  of  Asia  by  a  shorter  and  easier  route  than  any  yet 
known.  This  was  the  first  systematic  effort  with  this  object  ever  organ- 
ized, but  it  marked  the  beginning  of  a  series  of  attempts  pursuing  a 
similar  object,  which  have  increased  in  magnitude  and  frequency  irregu- 
larly to  the  present  day. 

For  nearly  half  a  century  these  efforts  took  the  form  of  a  search  for  a 
supposed  strait  through  the  American  isthmus.  When  at  last  the 
many  fruitless  efforts  of  this  character  convinced  the  world  that  such 
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a  strait  did  not  exist,  the  dream  was  changed  to  one  of  a  canal  to  be 
cut  across  the  isthmus,  and  later  it  was  proposed  to  construct  a  railway 
capable  of  transferring  loaded  vessels  across  the  isthmus. 

SHIP-RAIL^A^AY  PROJECTS. 

The  project  of  a  ship  railway  was  promoted  by  the  State  of  Honduras, 
with  reference  to  a  line  across  its  own  territory,  connecting  the  harbors 
of  Puerto  Oaballos  on  the  Atlantic  and  La  Union  on  the  Pacific.  This 
route  was  examined  by  the  British-Honduras  Interoceanic  Eailway 
Company,  and  is  said  to  offer  many  attractions  as  a  route  for  railway 
transit. 

The  ship-railway  route  that  has  received  the  most  attention,  however, 
is  that  across  the  Isthmus  of  Tehuantepec  in  Mexico.  This  route  was 
first  explored  about  1520,  and  its  advantages  were  utilized  by  the  Span- 
iards in  the  transportation  of  shipbuilding  materials.  It  was  later 
abandoned  and  almost  forgotten,  until  in  1771  an  expedition  was  fitted 
out  to  examine  and  report  upon  the  topography  of  the  isthmus  and  the 
practicability  of  a  canal  by  that  route.  This  examination  was  very 
superficial,  and  it  was  reported  that  a  tide-level  canal  was  feasible. 
Another  examination  was  made  thirty  years  later,  but  without  result. 

After  the  independence  of  Mexico  was  established,  an  examination 
was  made  by  Gen.  Juan  Orbegozo,  who  reported  the  canal  project  as 
''problcQiatical  and  gigantic." 

In  1842  Don  Jose  de  Garay  obtained  from  the  Mexican  Government 
a  charter  for  a  canal  or  railway  across  the  isthmus  of  Tehuantepec  and 
appointed  a  commission  to  make  a  survey  of  the  route.  They  reported 
the  summit  of  the  route  to  be  684  feet,  and  recommended  the  employ- 
ment of  the  Chicapa  and  the  Ostuta  rivers  as  parts  of  a  canal  line. 
The  length  of  the  canal  in  excavation  was  to  be  about  50  miles,  and 
161  locks  were  to  be  constructed.  A  further  examination  and  partial 
resurvey  was  made  under  the  same  concession  in  1851-52,  and  more 
detailed  information  was  obtained. 

Many  years  after  this  Oapt.  James  B.  Eads  turned  his  attention  to 
this  route.  After  some  investigation  and  discussion  the  project  for  a 
canal  was  abandoned  on  account  of  the  large  number  of  locks  and  great 
cost.  Caj)tain  Eads  adopted  the  idea  of  a  ship  railway  over  this  route, 
and  worked  out  elaborate  plans  which  have  since  been  perfected  and 
advocated  by  Elmer  L.  Oorthell,  G.  E. 

By  this  project  it  is  proposed  to  have  twelve  parallel  rails  upon 
which  is  to  run  a  huge  carriage  supporting  the  entire  ship  and  cargo 
as  in  a  dry  dock.  Bends  will  be  provided  for  when  necessary  by  means 
of  turntables.  The  motive  i)ower  is  to  be  two  huge  locomotives,  which 
rest  upon  six  rails.  To  provide  for  the  passage  of  shij)s  going  in. oppo- 
site directions  and  for  repairs,  turnouts  are  to  be  conveniently  placed, 
the  change  of  direction  from  the  main  track  to  be  accomplished  by 
means  of  a  turntable. 
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It  is  maintained  on  behalf  of  tlie  Tehuantepec  ship  railway  that  it 
affords  transit  across  the  isthmus  at  a  point  nearer  to  the  United  States 
than  any  other  proposed  route  and  woukl  shorten  more  than  any  other 
the  distance  between  the  Atlantic  and  the  Gulf  ports  of  the  United 
States  and  the  Pacific  ports;  also  that  the  prevailing  winds  are  much 
more  favorable  to  commerce  than  they  are  by  way  of  any  other  route, 
and  that  this  route  is  more  healthful  than  any  of  the  others.  It  is  also 
claimed  that  it  could  be  much  more  cheaply  and  quickly  constructed 
than  the  proposed  canals.  That  it  is  shorter  than  any  of  the  routes 
proposed  farther  south  is  unquestionable,  but  the  other  advantages 
claimed  are  at  least  doubtful  and  are  not  admitted  by  the  competing 
routes. 

The  ship  railway  project,  however,  has  never  succeeded  in  attaining 
the  degree  of  popular  approval  that  has  been  bestowed  ui)ou  canal 
propositions.  The  general  sentiment  appears  to  be  summed  up  in  the 
epigrammatic  expression,  "A  ship  is  never  so  well  borne  as  when  water- 
borne."  The  canal  routes  which  have  attained  the  greatest  degree  of 
public  favor  are  the  Atrato,  San  Bias,  Panama,  and  Nicaragua. 

CANAL  PROJECTS. 
ATRATO  ROUTES. 

The  Gulf  of  Darien,  an  arm  of  tlie  Caribbean  Sea  at  the  point  where 
the  isthmus  joins  the  main  continent  of  South  America,  receives  the 
waters  of  the  Atrato  River,  a  navigable  stream  which  rises  and  flows 
due  north  about  2()()  miles  into  the  gulf.  Its  watershed  is  bounded  on 
the  west  by  the  continental  divide,  which  here  hugs  the  Pacific  coast 
very  closely,  and  has  several  passes  of  moderate  altitude. 

Various  projects  have  been  proposed  to  utilize  this  river  and  its 
tributaries  to  approach  the  Pacific  coast  as  nearly  as  possible,  and  then 
cut  through  the  range  to  the  sea.  Of  these  projects  the  two  that  have 
received  the  most  favor  and  attention  are  the  two  which  utilize  the 
Napipi  and  Truando  rivers,  tributaries  of  the  Atrato.  Neither  of  these 
has  been  regarded  with  as  much  favor  as  the  more  northerly  routes. 

The  Napipi- Atrato  route  i)rovides  for  making  use  of  the  Atrato  River 
for  a  distance  of  about  140  miles  and  the  construction  of  about  30  miles 
of  canal,  of  which  3^  miles  would  be  in  tunnel.  The  estimated  cost  of 
this  canal  is  about  $98,000,000.  The  chief  objections  to  this  route  are 
the  long  stretch  of  river  navigation  before  the  canal  proper  is  reached, 
and  the  uncertainty  of  tunnel  construction  and  maintenance,  the  aggre- 
gatfon  of  a  number  of  locks  close  together  near  the  Pacific  coast,  and 
the  uncertainty  of  a  sufi&cient  water  supply  for  the  summit  level. 

The  Truando- Atrato  route  is  a  modification  of  the  Napipi- Atrato 
route,  the  project  being  to  leave  the  Atrato  River  about  80  miles  from 
its  mouth  and  then  to  cut  a  sea-level  canal  through  a  tunnel  under 
the  continental  divide  into  the  Pacific,  the  flow  of  the  Atrato  River 
being  diverted  into  the  Pacific  Ocean.     The  length  of  the  cut  from  the 
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Atrato  to  the  Pacific  would  be  43.2  miles.  The  cost  of  the  work  has 
been  variously  estimated  from  $135,000,000  to  $156,000,000.  The  chief 
difficulties  of  this  route  are  the  considerable  tunnel  excavation  and  the 
control  of  the  flood  waters  of  the  Atrato  River. 

SAN   BLAS   ROUTE. 

This  route  lies  between  the  Gulf  of  San  Bias  in  the  Caribbean  Sea 
and  the  mouth  of  the  Bayano  River  on  the  Pacific.  It  is  the  narrowest 
part  of  the  entire  Isthmus,  being  only  30  miles  from  ocean  to  ocean.  It 
is  proposed  that  the  level  of  the  water  in  this  canal  be  that  of  ordinary 
high  tide  in  the  Pacific  Ocean.  The  tides  in  the  Caribbean  Sea  being 
inconsiderable,  no  provision  need  be  made  to  accommodate  them,  but 
on  the  Pacific  coast  the  tides  are  from  16  to  20  feet,  and  a  lock  would 
have  to  be  provided  for  maintaining  the  canal  at  any  desired  level. 
At  times  of  high  tide  the  lock  can  be  left  open,  while  at  low  tide  there 
would  be  a  considerable  descent  by  means  of  the  lock.  This  route 
requires  the  construction  of  a  tunnel  7  miles  long,  which  it  is  proposed 
shall  be  80  feet  wide  at  the  surface  of  the  water  and  140  feet  high  from 
the  canal  bottom.  Much  disagreement  has  been  developed  regarding 
the  practicability  and  cost  of  the  i)roposed  tunnel.  No  work  of  any 
such  magnitude  or  under  such  conditions  has  yet  been  attempted,  and 
it  is  claimed  that  the  gloom  of  a  tunnel,  the  constant  shower  of  chilled 
water  from  its  roofs  and  sides,  and  its  deoxygenated  condition  would 
rapidly  undermine  the  health  of  the  workmen,  who  would  be  unable  to 
combat  successfully  the  malaria  and  other  enemies  to  health  which 
abound  on  the  Isthmus.  The  long  tunnel  required,  with  the  accompany- 
ing uncertainty  of  cost  and  practicability,  is  the  chief  objection  to  the 
San  Bias  route,  though  unquestionably  this  route  has  obtained  a 
higher  degree  of  i)ublic  favor  than  any  other  excepting  the  Panama 
and  Nicaragua  routes. 

PANAMA   ROUTE.  - 

This  route  lies  between  Colon  (or  Aspinwall)  on  the  coast  of  the 
Caribbean  and  Panama  on  the  Bay  of  Panama.  The  existence  of 
fairly  good  harbors  at  each  end  is  one  of  the  reasons  for  the  advocacy 
of  this  route,  and  in  1851  a  railroad  was  built  between  these  points  to 
accommodate  the  sudden  growth  of  travel  between  the  Eastern  States 
and  California,  due  to  the  gold  excitement.  The  total  length  of  this 
canal  from  ocean  to  ocean  is  42  miles.  Two  distinct  propositions  have 
been  advocated  regarding  this  canal ;  the  first,  for  a  sea  level  canal, 
was  M.  De  Lesseps's  scheme.  The  canal  proposed  by  this  project  has  a 
length  of  45.4  miles,  a  depth  of  28  feet,  and  a  bottom  width  of  72  feet. 
It  was  estimated  that  75,000,000  cubic  meters  of  material  would  have 
to  be  moved,  at  an  estimated  cost  of  about  $170,000,000.  The  only 
object  in  excavating  a  sea-level  canal  in  preference  to  one  with  locks  is 
to  avoid  the  use  of  locks,  but  these  can  not  be  avoided  on  the  Ameri- 
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can  Isthmus,  owin^  to  the  g^reat  range  of  tides  in  the  Pacific,  and  a  sea- 
level  canal,  it*  constructed,  would  require  the  use  of  a  lock  on  the 
Pacific  side  to  control  the  tides,  so  that  the  advantage  of  such  a  canal 
is  small  when  compared  to  the  increased  cost  of  construction  which  it 
involves.  For  many  years  this  pioject  was  actively  promoted  in  France, 
and  vast  sums  of  money  were  subscribed  for  its  construction.  A  large 
amount  of  work  was  actually  done,  the  canal  being  practically  com- 
pleted for  7  miles  on  its  northern  end,  and  large  quantities  of  heavy 
excavation  made  in  the  upper  and  southern  portions  of  the  route.  The 
work  accomplished,  however,  represented  only  a  small  traction  of  the 
funds  subscribed,  the  remainder  being  squandered  in  corruption  and 
reckless  extravagance,  and  the  scandals  occasioned  thereby  led  to  the 
bankruptcy  of  the  company  and  the  susi)ension  of  the  work.  The  sums 
actually  subscribed  and  put  into  this  work  are  variously  stated  as  more 
or  less  than  $200,000,000,  not  more  than  one-fifth  of  which  is  repre- 
sented by  actual  construction. 

On  the  reorganization  of  the  company  a  balance  of  about  $20,000,000 
remained  available  for  surveys  and  construction.  The  sea-level  plan 
was  abandoned,  more  complete  surveys  were  made,  and  plans  were 
drawn  up  for  a  lock  canal  which  is  to  be  supplied  with  water  from 
reservoirs  to  be  constructed  on  the  Chagres  Eiver.  A  small  force  is, 
and  has  been  for  several  years,  at  work  on  construction,  and  the  project 
is  not  by  any  means  abandoned,  though  it  is  admitted  that  it  will  cost 
over  $100,000,000  to  complete  the  canal  under  any  possible  plan. 

NICARAGUA   ROUTE. 

The  advantages  offered  by  Nicaragua  for  interoceanic  communica- 
tion were  recognized  at  a  very  early  period,  and  surveys  were  ordered 
by  the  Grown  of  Spain  as  early  as  1524,  but  were  not  executed.  In 
later  years  several  superficial  examinations  were  made  and  many  con- 
flicting statements  were  rendered,  but  all  the  really  useful  knowledge 
of  this  Isthmus  is  of  recent  date. 

CHILDS'S    SURVEY. 

Nothing  reliable  and  definite  as  to  distances,  elevations,  etc.,  was 
obtained  until  1850,  when  Col.  O.  W.  Childs  was  sent  there  by  the 
Atlantic  and  Pacific  Ship-Canal  Company.  He  made  a  reconnaissance 
of  the  entire  strip  of  laud  between  the  Pacific  and  Lake  Nicaragua 
and  made  surveys  of  several  routes  to  connect  them.  That  from 
Salinas  Bay  to  Sa])oa  Kiver  he  examined  and  condemned  on  account 
of  the  great  elevation  to  be  overcome.  The  favorite  route  of  Louis 
Napoleon,  by  way  of  Lake  Managua,  he  also  condemned  on  account  of 
its  elevation  and  its  great  length. 

His  examination  led  him  to  the  conclusion  'Hhat  the  line  leading 
from  the  mouth  of  Las  Lajas  to  the  Pacific  at  Brito  presented  more 
favorable  conditions  for  the  construction  of  a  canal  than  any  other." 
The  correctness  of  this  conclusion  is  now  universally  acknowledged. 
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Colonel  Childs  estimated  for  the  construction  of  a  canal  with  a  con- 
tinuous depth  of  17  feet.  He  proposed  to  hold  the  lake  permanently  at 
108  feet  above  sea  level,  and  to  overcome  this  elevation  by  14  locks  on 
each  side,  with  a  maximum  lift  of  8  feet.  The  summit  was  to  be  con- 
trolled by  dams  at  Castillo  on  the  east  and  Buen  Eetiro  on  the  west. 
The  total  length  of  his  proposed  line  was  194.4  miles,  and  the  cost  was 
estimated  at  $31,538,000.  This  included  the  cost  of  an  artificial  harbor 
at  Brito,  but  at  that  time  there  was  a  good  harbor  at  San  Juan  del 
Norte. 

The  object  of  this  survey  was  x)rimari]y  to  establish  a  means  of  com- 
munication with  California  to  accomodate  the  heavy  traffic  induced  by 
the  discovery  of  gold. 

President  Grant  took  a  deep  interest  in  the  canal  problem,  and  in  1872 
appointed  a  commission,  consisting  of  Gen.  A.  A.  Humphreys,  Chief  of 
Engineers;  C.  P.  Patterson,  Superintendent  of  the  Coast  Survey,  and 
Commodore  Daniel  Ammen,  of  the  United  States  Navy,  to  examine  the 
information  at  hand  and.  determine  the  most  feasable  route  for  an  inter- 
oceanic  canal.  The  routes  considered  were  the  Tehuantepec,  Nica- 
ragua, Panama,  and  Atrato-Napipi.  The  commission  unanimously 
reported  in  favor  of  Nicaragua,  and  this  has  ever  since  been  regarded 
as  the  favorite  canal  route  from  the  American  point  of  view. 

lull's  survey. 

In  1873  an  expedition  was  fitted  out  by  the  United  States  Govern- 
ment for  the  confirmation  and  continuation  of  the  Childs  survey,  which 
was  T)laced  under  the  charge  of  Commander  E.  P.  Lull,  United  States 
Navy,  who  surveyed  the  route  with  reference  to  the  construction  of  a 
canal  26  feet  deep.  He  confirmed  the  surveys  of  Colonel  Childs,  but  fear- 
ing difficulty  with  the  waters  of  the  Upper  Rio  Grande,  he  recommended 
that  the  canal  leave  Lake  Nicaragua  by  way  of  the  Medio,  instead  of 
Las  Lajas.  This  was  shorter  by  a  mile  and  a  half  and  avoided  the  Rio 
Grande,  but  involved  90  feet  deeper  cut  through  the  divide.  The  west- 
ern half  of  the  routes  coincide,  and  reach  the  Pacific  at  Brito.  Com- 
mander Lull  also  caused  a  reconnaissance  to  be  made  of  a  portion  of 
Lake  Nicaragua  and  of  the  Rio  San  Juan.  It  was  thought  that  the 
river  could  be  improved  at  the  rapids  by  means  of  locks,  and  that  by 
this  means  and  by  dredging  the  river  could  be  converted  into  a  canal 
to  a  point  near  the  mouth  of  the  Rio  San  Carlos.  Here  it  was  proposed 
to  construct  a  dam,  and  the  canal  was  to  leave  the  river  and  follow 
near  it  until  the  swamp  region  was  reached  below  the  Sarapiqui,  and 
then  to  cut  across  to  San  Juan  del  Norte.  Eleven  locks  were  proposed 
west  of  Lake  Nicaragua,  and  10  on  the  east  side.  The  estimate 
included  $2,500,000  for  the  restoration  of  San  Juan  del  Norte  harbor, 
and  was  in  all  $65,700,000. 
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MARITIME    CANAL    COMPANY. 

Associated  with  Commander  Lull  in  this  survey  was  Mr.  A.  G.  Men- 
ocal,  a  civil  engineer  of  the  Navy,  who  has  since  become  famous  as  the 
chief  engineer  of  the  Maritime  Canal  Company,  and  to  whom  is  largely 
due  the  public  interest  in  the  Nicaragua  Canal.  In  1885  Mr.  Menocal 
was  sent  by  the  Government  to  continue  the  examination,  and  the 
plans  adopted  by  Lull  were  set  aside.  On  the  west  side  he  adopted 
the  Childs  route,  by  way  of  Las  Lajas,  the  liio  Grande  to  be  diverted 
from  its  course  and  turned  eastward  into  Lake  Nicaragua.  The  sum- 
mit level  of  Lake  Nicaragua  was  to  be  maintained  at  110  feet  by  a 
dam  across  the  San  eluan  at  Ochoa,  3  miles  below  the  mouth  of  Kio 
San  Carlos,  where  the  sailing  line  was  to  leave  the  river  and  follow 
nearly  a  straight  line  to  San  Juan  del  Norte,  the  summit  level  being 
maintained  until  the  eastern  divide  had  been  passed,  the  descent  to  the 
Caribbean  being  made  by  3  locks  with  a  maximum  lift  of  40  feet. 

This  necessitated  the  construction  of  a  series  of  high  embankments 
between  Ochoa  and  the  eastern  divide,  a  distance  of  12^  miles,  about 
half  of  this  distance  being  occupied  by  steep  clay  hills,  which  were  to 
be  connected  by  tlie  embankments,  67  in  all,  ranging  from  0,000  feet 
long  downward.  The  cut  through  tlie  eastern  divide  was  to  be  over  3 
miles  long  and  to  have  a  maximum  depth  of  324  feet. 

This  project  Avas  broadly  the  one  adopted  with  some  modilications 
by  the  Maritime  Canal  Company.  Two  short  basins  were  added  by 
the  construction  of  dams  on  the  Deseado  and  the  Rio  Grande,  up  to 
the  summit  level.  All  these  plans  were  elaborated  in  great  detail  by 
the  company,  and  the  total  cost  was  estimated  at  $65,084,176. 

CANAL    HOARD    OF    1895. 

In  1895  Congress  provided  for  a  board  of  engineers  to  ascertain  the 
feasibility,  permanence,  and  cost  of  the  canal,  and  appropriated  the 
sum  of  $20,000  for  the  purpose.  Col.  William  Ludlow,  of  the  Army; 
Civil  Engineer  M.  T.  Endicott,  of  the  Navy,  and  Mr.  Alfred  Noble  were 
appointed  by  Mr.  Cleveland  to  constitute  the  board.  Considering  the 
time  and  funds  available,  this  board  made  a  very  thorough  examination 
of  the  route,  the  data,  and  the  estimates,  all  of  which  were  freely  dis- 
cussed and  criticised.  They  reported  that  while  the  canal  was 
undoubtedly  feasible  the  information  collected  was  entirely  inadequate 
for  a  basis  on  which  to  make  final  estimates  of  cost,  or  even  to  deter- 
mine the  practicability  of  certain  peculiar  features  involved  in  the  com- 
pany's plan.  They  recommended,  therefore,  that  an  appropriation  of 
$350,000  be  made  for  further  surveys  and  investigation.  A  provisional 
estimate  made  the  cost  just  about  double  that  estimated  by  the 
company. 
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COMMISSION   OF   1897, 

Accordingly,  a  commission  was  appointed  by  President  McKinley, 
consisting  of  Eear-Admiral  J.  G.  Walker,  Col.  Peter  0.  Hains,  and 
Lewis  M.  Haupt,  for  the  further  survey  and  examination  of  the  canal 
route. 

This  survey  continued  nearly  two  years  under  the  supervision  of  Mr. 
E.  S.  Wheeler,  chief  engineer. 

The  points  of  weakness  in  the  company's  data  were  numerous  and 
some  of  them  serious.  The  borings  on  some  parts  of  the  line  were 
meager,  and  in  many  cases  the  results  had  been  confused  and  the  cores 
taken  had  been  lost.  The  Ochoa  dam  was  to  be  constructed  of  large 
rocks  loosely  dumped  into  the  stream  and  left  to  lind  their  own  foun- 
dation. This  style  of  dam  involved  the  use  of  rocks  of  very  large  size 
and  of  hard  and  permanent  structure.  The  intention  was  to  obtain  this 
material  from  the  deep  cut  through  the  eastern  divide.  Investigation, 
however,  created  serious  doubt  as  to  the  existence  of  a  sufficient  quan- 
tity of  hard,  permanent  rock  in  the  divide  for  this  purpose.  No  satis- 
factory information  existed  as  to  the  foundations  for  the  Ochoa  dam 
and  the  San  Francisco  embankments.  The  large  amount  of  material 
to  be  dredged  in  the  Kio  San  Juan  had  not  been  investigated  at  all. 
But  little  was  known  regarding  the  foundations  of  the  proposed  dam  at 
La  Flor  and  the  material  to  be  dredged  at  Brito. 

The  greatest  lack  of  information,  however,  was  with  reference  to  the 
hydrography.  Though  it  was  i)ro]wsed  to  deal  with  the  floods  of  the 
San  Juan,  San  Carlos,  San  Francisco,  and  other  streams,  no  attempt 
had  ever  been  made  to  measure  their  flood  discharge  or  even  to  make 
an  approximate  estimate  on  this  point. 

It  was  designed  to  hold  the  lake  at  an  elevation  of  110  feet  above  sea 
level,  any  rise  above  that  mark  being  injurious  to  property  and  any  fall 
below  reducing  the  navigable  depth  of  the  canal  throughout  the  sum- 
mit level,  yet  no  attempt  whatever  had  been  made  to  determine  the 
maximum  or  minimum  inflow  or  the  rate  of  outflow  or  evaporation  from 
the  lake.  There  was  also  some  discrepancy  in  the  levels  and  in  dis- 
tances on  the  Kio  San  Juan  and  Lake  ^STicaragua. 

INVESTIGATIONS   BY  NICARAGUA   CANAL   COMMISSION. 

The  hydrographic  and  meteorologic  information  required  related  to 
three  principal  objects: 

1.  The  water  supply  for  the  use  and  leakage  of  the  canal. 

2.  The  quantity  of  rainfall  and  volume  of  streams  considered  as  obsta- 
cles to  construction. 

3.  The  volume  and  habit  of  excessive  floods,  with  reference  to  their 
permanent  control  and  discharge  without  injury  to  the  canal  or  other 
property. 
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The  desired  information  therefore  required  an  investigation  of  the 
discharge  of  all  streams  of  importance  which  it  was  proposed  to  con- 
trol during  construction,  or  for  which  it  was  necessary  to  provide  diver- 
sion channels  or  spillways,  and  measurements  of  rainfall  at  points  as 
widely  distributed  as  possible  throughout  the  basin  of  Lake  Nicaragua. 

It  also  recjuired  an  approximate  determination  of  the  rate  of  evap- 
oration on  Lake  Nicaragua,  and  some  investigation  of  the  sediment 
carried  by  the  larger  rivers. 

The  results  of  rainfall  observations  will  be  found  on  pages  574-578. 

The  general  method  used  in  observing  the  regimen  and  discharge  of 
streams  was  substantially  as  follows: 

A  point  was  selected  as  near  as  ])racticable  to  the  location  concerning 
which  knowledge  was  desired,  having  reference  to  the  conditions  of 
the  stream  itself,  the  aim  being  to  secure  high,  permanent  banks  on  both 
sides  of  the  river  and  a  straight  channel  of  nearly  uniform  depth  and 
velocity,  and  to  avoid  a  location  a  short  distance  above  an  important  trib- 
utary, because  the  conditions  at  such  a  point  might  be  affected  by  back- 
water from  flood  sin  that  tributary.  A  gage  was  placed  in  the  stream  near 
one  bank,  graduated  to  feet  and  tenths,  and  so  situated,  if  possible,  as  to 
be  read  conveniently  from  the  shore.  It  was  usually  possible  to  fasten 
such  a  gage  in  deep  water  to  the  trunk  of  an  overhanging  tree  and  in 
a  vertical  position.  The  height  of  water  indicated  by  this  gage  was 
read  and  recorded,  usually  twice  every  day,  and  the  mean  of  the  two 
readings  was  t  iken  as  the  mean  gage  height  for  that  date.  At  various 
intervals,  depending  upon  the  facilities  available  and  the  change  of 
gage  height,  measurements  of  discharge  were  made  with  a  current 
meter.  Soundings  were  taken  at  known  distances  from  an  assumed 
initial  point,  and  the  velocity  was  measured  by  submerging  an  electric 
current  meter  at  six-tenths  of  the  measured  depth,  and  holding  it  in  that 
position  for  a  length  of  time  sufficient  to  make  a  good  determination  of 
the  velocity  at  that  point,  usually  one  hundred  seconds  or  more.  This 
operation  was  repeated  at  short  intervals  for  the  entire  width  of  the 
stream,  and  from  these  observations  the  discharge  in  cubic  feet  per 
second  was  computed  for  each  section  by  multiplying  the  depth,  width, 
and  measured  velocity  together.  The  discharge  of  the  several  sections 
being  added  together  formed  a  result  for  the  discharge  of  the  entire 
stream.  At  the  beginning  and  end  of  the  gaging  a  careful  note  was 
made  of  the  stage  of  the  water  indicated  on  the  river  gage,  and  the 
mean  of  those  two  observations  was  taken  as  the  mean  gage  height  of 
the  time  of  observation.  The  effort  was  made  to  have  such  observa- 
tions well  distributed  with  reference  to  the  height  of  water  in  the  river, 
in  order  to  show  the  relation  of  the  indications  of  the  gage  rod  to  the 
actual  discharge  of  the  stream.  This  relation  was  found  to  be  reason- 
ably definite  and  uniform  for  most  of  the  streams,  and  by  plotting  the 
gage  heights  as  ordinates  and  the  discharge  results  as  abscissas,  their 
general  relation  was  established  and  a  curve  was  drawn  which  satisfied 
as  nearly  as  possible  all  the  observations  made. 
20  GEOL,  PT  4 38 
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RIO    GRANDE. 


BRITO    STATION   ON   THE    RIO    GRANDE. 

This  station  was  established  by  D.  H.  Baldwin  on  January  8,  about 
1  mile  below  La  Flor  dam  site  on  the  Rio  Grande,  just  below  where  the 
stream  bends  to  the  north. 

A  cable  and  gaging  car  were  put  in  place  for  taking  measurements. 
The  gage  was  driven  in  the  bed  of  the  river  near  the  left  bank,  and  the 
top  fastened  to  the  tagged  wire.  As  this  was  deemed  insecure,  a  new 
gage  was  put  in  place  on  January  22  about  200  feet  farther  upstream, 
which  was  driven  into  the  clay  bottom  and  spiked  to  a  tree  growing 
on  the  bank.  When  the  old  gage  read  1.85  the  new  gage  read  3.38. 
The  readings  are  here  reduced  to  the  datum  of  new  gage. 

The  channel  begins  to  curve  a  short  distance  above  the  station. 
The  left  bank  is  high  and  steep ;  the  right  may  sometimes  overflow  at 
high  water. 

TOLA    STATION    ON   TOLA    RIVER. 

Later  operations  by  the  surveying  parties  having  shown  the  desira- 
bility of  measurements  of  the  Tola  River,  tlie  Rio  Grande  station  was 
removed  June  13  to  a  point  below  the  mouth  of  the  Tola  River  and  a 
station  was  established  on  the  Tola  three-fourths  of  a  mile  above  its 
mouth,  in  order  that  both  streams  could  be  observed  from  one  camp. 
The  station  on  the  Rio  Grande  is  about  300  yards  below  the  junction  of 
the  Tola  and  Rio  Grande.  The  gage  is  a  vertical  rod  divided  to  feet 
and  tenths,  and  fastened  to  an  overhanging  tree  on  the  left  bank  of 
the  river.  Near  this  point  the  cable  is  stretched  across  tlie  river,  upon 
which  runs  a  gaging  car,  from  which  measurements  are  made,  a  tagged 
wire  being  stretched  alongside. 

List  of  discharge  measurements  made  on  Rio  Grande,  helow  month  of  the  Tola. 


Date. 


1898. 
Jan.     9 
Jan.   22 
June    4 
July     2 

July  30 
Aug.  10 
Aug.  21 
Sept.  14 
Sept.  21 
Sept.  29  i do 


Hydrographer. 


Meter 
num- 
ber. 


D.  H.  Baldwin 
A.  P.  Davis  . . . 

do 

D.  H.  Baldwin 

do 

do 

do 

do 

do 


Oct.  8 

Oct.  9 

Oct.  10 

Oct.  15 

Oct.  27 


Nov.  28 


94 

94 

1984 

1984 
1984 
1984 
1984 

Float. 
1984 

Float. 

Float. 


H.C.Hurd 

do 

do Float. 

do Float. 

do Meter 

I  B  +  B 
Xo.  1. 

.do Meter 

B  +  B 

No.  1. 


Gage 
height. 

Area 
of  sec- 
tion. 

Mean 
veloc- 
ity. 

Feet. 

Sq.feet. 

Feet  per 
second. 

3.48 

59 

1.36 

3.44 

56 

Lll 

2.95 

26 

.68 

3.18 

68 

2.35 

6.80 

315 

4.15 

2.40 

70 

.92 

4.30 

164 

2.93 

3.78 

124 

2.73 

11.10 

606 

4.55 

4.00 

144 

2.94 

3.60 

122 

2.33 

5.92 

275 

3.98 

5.00 

213 

3.38 

8.80 

474 

4.28 

4.25 

163 

4.12 

3.32 

* 

88 

2.83 

Dis- 
charge. 


Remarks. 


Second- 
feet. 

80 

62 

18 

161 

1,306 

65 

481 

339 

2,758 
423 
285 

1,092 
718 

2,026 
675 


249 


New    gage    rod 
reads  35'  less. 


Velocity  taken 
at  0.5  depth. 

Do. 
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Estimated  monthly  discharge  of  Rio  Grande  below  mouth  of  the  Tola. 


Month. 


January  6-31 
February .... 
March 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

75 
55 
40 
35 
85 

June 1 ,  990 

030 
145 
975 
065 
028 


April. 
May. 


July 

August I 

September 2, 

October 2, 

November 1, 


Mini 
mum. 


60 
41 
25 
17 
17 
17 
55 
45 
55 
260 
190 


Mean. 


69 

49 

35 

25 

28 

110 

121 

67 

253 

596 

282 


Total  in 
acre-feet. 


3,340 
2,720 
2,150 
1,490 
1,720 
6,  550 
7,440 
4,120 

15,  050 
36,  650 

16,  780 


Estimated  monthly  discharge  of  Tola  River  three-fourths  of  a  mile  above  its  month. 


Month. 


1898. 
June  9-30 

July 

August 

September 

October  

November 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

355 

12 

53 

163 

21 

46 

57 

20 

30 

364 

39 

112 

452 

130 

246 

230 

75 

126 

Total  in 
acre-feet. 


2,  310 
2,830 
1,840 
6,660 
15, 125 
7,500 
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List  of  discharge  measurements  made  on  Tola  River  three-fourths  of  a  mile  above  its  mouth. 


No. 

Date. 

Hydrographer. 

Meter 
number. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

1898. 

Feet. 

Sq.feet. 

Feet  per 
second. 

Sec. -feet. 

1 

July     2 

D.  H.  Baldwin 

1984 

2.21 

48.1 

1.41 

68 

2 

Aug.    10 

do 

1984 

1.60 

29.4 

0.95 

28 

3 

Aug.  21 

do 

1984 

2.80 

28.1 

2.16 

61 

4 

Aug.  29 
Sept.  14 

do 

1984 

4.25 

98.9 

2.82 

279 

5 

do 

1984 

3.02 

36.6 

2.80 

a  102 

6 

Sept.  21 
Oct.      8 

do 

Floats 

7.30 

260.8 

2.97 

774 

7 

H.C.Hurd 

Floats. 

3.35 

53.7 

2.25 

122 

8 

Oct.      9 

do 

Floats. 

3.65 

69.0 

2.71 

187 

9 

Oct.    14 

do , 

Floats. 

4.85 

132.7 

3.07 

408 

10 

Oct.    17 
Nov.   23 

do 

Floats. 

fB+B1 
[No.  l.J 

4.25 
3.14 

105. 1 
39.0 

2.86 
4.21 

300 
162 

do 

Nov.    27 

do 

rB+B| 
INo.  l.J 

3.03 

36.5 

3.72 

136 

a  New  rod. 


LAKE   NICARAGUA. 


LAS   LA  J  AS    STATION. 


A  station  was  established  on  the  margin  of  Lake  Nicaragua,  about  7 
miles  southeast  of  liivas  and  about  3,500  feet  north  of  the  mouth  of 
Las  Lajas,  on  January  10.  The  gage  was  placed  in  a  long  box  with 
open  ends  and  seams,  which  was  fastened  to  the  sunken  wreck  of  a 
large  boiler  of  one  of  the  old  Yanderbilt  steamers.  The  box  and  the 
boiler  served  to  protect  the  gage  from  the  violence  of  the  breakers 
prevalent  on  this  coast,  but  aftbrded  entirely  free  access  to  the  water. 
The  gage  as  first  placed  was  insecurely  fastened,  and  during  a  storm 
the  waves  beat  it  down.  It  was  replaced  on  February  7  by  Mr.  J.  A. 
Bull  in  the  position  it  now  occupies.  The  gage  is  inclined  to  the  ver- 
tical to  such  an  extent  that  1  foot  vertical  corresponds  to  1.014:  foot  on 
the  rod.  The  10-foot  mark  is  0.65  foot  below  bench  mark  No.  1,  which 
is  the  highest  point  of  a  large  cylinder  nearly  buried  in  the  sand  on 
shore.  The  10-foot  mark  is  108.13  feet  above  sea  level  by  the  levels  of 
the  Nicaragua  Canal  Commission. 

The  ebb  and  flow  of  the  waves  kept  the  water  level  constantly  chang- 
ing on  the  rod,  and  readings  were  taken  by  averaging  high  and  low 
readings  occurring  withiii  a  few  seconds.  Most  of  the  time  the  eastern 
trade  winds  blew  constantly,  with  considerable  force,  but  during  May 
there  were  many  calm  days  and  some  adverse  winds. 

During  April  the  declining  lake  surface  threatened  to  leave  the  gage 
on  dry  land,  and  another  gage  was  placed  in  deeper  water,  about  200 


DAVIS.] 


VIEJO    RIVER. 


597 


feet  north  of  the  first  one.  This  was  placed  vertical  and  fastened  to 
another  portion  of  the  wreck.  On  this  gage  the  9-foot  mark  is  103.29 
feet  above  sea  level.  It  was  observed  from  May  1  to  July  16,  when  the 
surf  became  too  deep  for  the  observer  to  safely  read  it,  and  observa- 
tions were  transferred  to  gage  No.  1. 

Temperature,  humidity,  and  wind  observations  were  taken  at  this 
station,  and  at  the  mouth  of  Las  Lajas  an  evaporation  pan  and  rain 
gag"e  were  maintained  and  observed. 

The  elevation  of  Lake  Nicaragua  is  given  on  i^age  606. 


VIEJO   RIVER. 


This  station  is  about  500  yards  above  the  ford  known  as  Paso  Eeal 
on  the  Viejo  Kiver,  where  the  Matagalpa-Leon  road  crosses  the  Yiejo 
Kiver.  A  gage  was  j)laced  at  this  point  on  February  1,  which  consisted 
of  a  vertical  unpainted  cedar  stick,  marked  with  nails  and  notches  to 
feet  and  tenths,  nailed  to  a  tree  on  the  right  bank.  A  bench  mark  was 
established  on  the  right  bank,  consisting  of  a  wire  nail  driven  in  the 
highest  point  of  a  stump  66  feet  west  of  the  gage.  It  is  46.2  feet  above 
zero  of  gage.  A  cable  was  stretched  across  the  river  a  short  distance 
above  the  gage,  from  which  measurements  of  floods  were  made  by 
means  of  a  gaging  car  of  the  usual  pattern.  Measurements  at  low 
water  were  made  by  wading. 

List  of  discharge  measurements  made  on  Viejo  River  at  Paso  Eeal. 


Date. 

Hydrographei . 

Meter 
num- 
ber. 

Gage 
heigut. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

1898. 

Feb.      8 
Feb.    18 
Feb.    28 
Mar.     8 
Mar.    18 
Mar.    28 
Apr.      8 
Apr.    20 
Apr.    28 
May      6 
May    14 
May    22 
May    25 
June     1 
June     8 
June  15 
June  22 
June  29 

F.C.Green 

7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Feet. 
2.20 
2.08 
1.99 
2.12 
1.94 
1.85 
1.79 
1.72 
1.71 
1.71 
1.70 
3.12 

12.52 
3.65 
3.63 
2.78 

11.62 

12.34 

Sq.feet. 

17.7 

14.1 

12.8 

14.0 

11.4 

10.8 

9.6 

6.2 

5.4 

7.2 

6.8 

62.4 

964.0 

74.0 

68.0 

32.0 

895.0 

976.0 

Feet  per 
second. 

1.60 

1.40 

1.20 

1.57 

1.23 

0.55 

0.44 

0.61 

0.58 

0.37 

0.32 

3.30 

5.06 

4.29 

4.04 

3.54 

4.85 

4.65 

Sec. -feet. 

28.3 

20.7 

15.3 

22.0 

14.0 

0.0 

4.3 

3.8 

3.2 

3.5 

2.2 

206.0 

4,  874.  0 

317.0 

274.0 

114. 0 

4,  344.  0 

4,  539.  0 

do 

<lo 

do 

do 

do 

do 

G.  P.  Philip  

do 

do 

.   .do 

do 

do 

do 

.do 

do 

do 

do 
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List  of  discharge  measurements  made  on  Viejo  River  at  Paso  Real — Continued. 


Date. 


1898. 

July  6 

July  13 

Julv  20 

July  27 

Aug.  3 

Sept.  19 

Sept.  27 

Oct.  3 

Oct.  10 

Oct.  18 

Oct.  25 

Nov.  1 

Nov.  7 

Nov.  14 

Nov.  21 

Nov.  28 

Dec.  5 

Dec.  10 

Dec.  15 

Dec.  22 

Dec.  29 


Hydrographer. 


G.  P.  Philip 

do 

do 

do 

do 

do 

do 

Fred.  Davis . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do  

do 

do 


Meter 
num- 
ber. 


Gage 
height. 


7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 


Feet. 
4.95 
6.50 
3.97 
3.38 
3.59 
5.72 
8.23 
5.02 
5.00 
9.90 
5.41 
4.00 
3.42 
3.52 
2.95 
2.82 
2.70 
2.94 
2.68 
2.56 
2.45 


Area  of 
section. 

Mean 
velocity. 

1 
Sq.feet. 

Feet  per 
second. 

157.0 

2.91 

315.0 

3.08 

S3.0 

3.21 

55.0 

2.78 

66.0 

2.92 

188.0 

4.40 

460.0 

4.52 

144.0 

3.26 

184.0 

4.41 

674.0 

4.89 

216.0 

4.11 

81.0 

3.48 

54.0 

3.42 

72.0 

3.16 

34.0 

2.73 

35.0 

2.36 

27.5 

2.74 

45.0 

1.95 

33.5 

1.76 

28.5 

1.71 

25.0 

1.59 

Dis- 
charge. 


Sec-feet. 

456.0 

1,  072.  0 

266.0 

152.  0 

192.0 

828.0 

2, 074.  0 

469.0 

813.0 

3,  300.  0 

886.0 

282.0 

182.0 

228.0 

94.0 

82.0 

75.0 

88.0 

59.0 

49.0 

39.0 


Estimated  monthly  discharge  of  Viejo  River  at  crossing  of  Matagalpa-Leon  road. 


Discharge  in  second-feet. 


Month. 


1898. 


February. . 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November . 
December  . 


Maxi- 
mum. 


35 

25 

o 

5,520 

15,  600 

2,400 

2,750 

9,745 

3,830 

253 

92 


Mini- 
mum. 


15 

5 

3 

2 

50 

155 

125 

220 

230 

74 

39 


Mean. 


24.0 

13.0 

3.6 

324.0 

2, 170.  0 

613.0 

330.0 

1,  840.  0 

965.0 

130.0 

59.0 


Total  for 
month  in 
acre-feet. 


1,332 
800 
214 

19,  920 
129, 120 

37,  680 

20,  290 
109,  500 

59,  340 
7,735 
3,630 
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NUEVO   RIVER. 


This  station  was  established  February  1  at  the  bend  of  the  Nueva 
River,  where  it  approaches  nearest  the  Viejo  Eiver,  in  the  neighbor- 
hood of  Paso  Real,  and  was  intended  to  throw  light  on  the  quantity 
of  water  that  might  be  added  to  the  supply  for  Lake  Managua  by 
diverting  this  river  into  it. 

Measurements  were  made  by  wading  at  low  water  and  by  means  of 
floats  at  high  water.  The  stage  of  the  river  was  ascertained  by  meas- 
uring downward  with  a  tape  line  from  a  nail  driven  into  an  overhang- 
ing trunk  of  a  tree.  These  measurements  were  carried  on  by  the  same 
observer  who  had  charge  of  the  station  at  the  Yiejo  River. 

List  of  discharge  measurements  made  on  Nuevo  River  near  the  Viejo  River. 


Date. 


1898. 
May  23 
May  27 
June  3 
June  10 
June  17 
June  21 
July  1 
July  8 
July  15 
July  22 
July  29 
July  29 
Aug.  26 
Sept.  17 
Sept.  28 
Oct.      3  i 


Hydrographer. 


14 
22 
31 
6 
12 


Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov.    19 

Nov.    24 

Nov. 

Dec. 

Dec. 

Dec. 

Dec.    21 

Dec.    30 


28 
4 
8 

15 


G.P.Philip. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fred.  Davis 

do 

.....do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Meter 
number. 


Floats. 

Floats. 
7 

Floats. 
7 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 
7 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 

Floats. 
7 
7 
7 
7 
7 


Gage 
lieignt. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

Sq.feet. 

Feet  per 
iecond. 

5.00 

178.0 

2.  .54 

4.30 

126.0 

2.18 

3.00 

50.0 

0.70 

3.42 

71.0 

1.32 

3.02 

57.0 

0.69 

18.19 

490.0 

4.81 

14.80 

230.0 

3.01 

14.70 

223.  0 

2.79 

14.30 

193.0 

2.29 

13.00 

105.0 

1.37 

13.40 

132.0 

2.14 

13.40 

133.0 

2.03 

12.50 

74.0 

1.80 

15.00 

248.0 

2.84 

15.80 

303.0 

2.71 

14.10 

181.0 

2.35 

15.20 

265.0 

2.83 

16.40 

350.0 

3.93 

14.10 

181.0 

2.84 

1 

13.30 

124.0 

2.76 

13.50 

76.0 

2.47 

12.80 

31.0 

2.22 

12.70 

30.0 

1.97 

12.70 

30.0 

2.17 

12.60 

48.0 

1.06 

12.50 

45.0 

0.99 

12.30 

42.5 

1.16 

12.21 

36.0 

0.77 

12.15 

34.6 

0.60 

Dis- 
charge. 


Sec. -feet, 

451.0 

275.0 

354.0 

936.0 

395.0 

a2,  361.  0 

693.0 

622.0 

441.0 

143.0 

282.0 

269.0 

138.0 

h  704.  0 

821.0 

425.0 

750.0 

1, 376.  0 

514.0 

343.0 

187.0 

65.5 

60.0 

66.0 

51.0 

45.0 

49.0 

28.0 

20.7 


a  N'ew  gage. 


b  Approximate. 
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,  LAKE   MANAGUA  AS  A   STORAGE   RESERVOIR. 

Lake  Managua  has  been  suggested  as  a  storage  reservoir  for  supply- 
ing water  to  Lake  Nicaragua  during  the  dry  season.  This  lake  lies  to 
the  northwest  of  Lake  Mcaragua,  has  a  surface  of  about  500  square 
miles  and  a  tributary  drainage  area  of  about  2,500  square  miles.  Its 
suriDlus  waters  are  discharged  into  Lake  Mcaragua  by  way  of  Tipi- 
tapa  River.  One  mile  below  the  point  where  this  river  leaves  Lake 
Managua  it  falls  over  a  cataract,  descending  about  13  feet  in  a  hori- 
zontal distance  of  500  feet.  It  is  suggested  that  a  dam  might  be  con- 
structed at  this  point  and  the  waters  of  Lake  Managua  raised  about  8 
feet  above  the  surface  of  the  rock  at  the  falls  without  serious  damage 
to  property  around  the  margin  of  the  lake.  An  outlet  tunnel  or  cut 
might  be  provided  to  draw  off  the  water  to  the  level  of  the  river  below 
the  falls.  These  works  would  be  inexpensive,  and  a  storage  capacity 
would  thus  be  secured  for  a  depth  of  20  feet  over  the  entire  surface  of 
Lake  Managua,  which,  if  drawn  off,  would  raise  Lake  Nicaragua  about 
3  feet.  The  water  supply,  however,  is  doubtful.  It  is  known  that  entire 
years  sometimes  occur  in  which  there  is  no  outflow  from  the  lake;  but, 
on  the  other  hand,  the  fact  that  water  does  often  run  out  proves  beyond 
question  that  in  the  long  run  the  inflow  exceeds  the  evaporation  and 
seepage  from  the  lake. 

To  reenforce  the  water  supply  for  this  reservoir  it  has  been  suggested 
to  divert  the  Nuevo  Kiver  into  the  Viejo  River  at  a  point  near  Paso  Real 
in  the  Sebaco  Plain  so  that  it  will  flow  into  Lake  Managua,  instead  of 
the  Atlantic  Ocean,  as  at  i)resent.  At  the  point  above  mentioned  the  two 
rivers  approach  within  about  a  mile  of  each  other,  and  the  intervening 
country  is  low  and  practically  flat.  The  river  channels  are  30  or  40 
feet  deep,  and  a  cut  of  this  depth  connecting  the  two  could  be  made  to 
conduct  the  waters  of  the  Nuevo  River  into  the  Yiejo  River  if  a  dam 
were  built  in  the  Nuevo  River  below  the  point  of  connection.  There  is 
rock  on  the  bottom  of  the  Nuevo  River,  showing  fairly  good  foundation 
for  such  a  structure,  but  the  excavation  of  the  canal  would  be  almost 
entirely  in  alluvial  earth. 

The  cost  of  utilizing  Lake  Managua  as  a  storage  reservoir  for  the 
summit  level  would  be  about  as  follows : 

Cost  of  overflow  ogee  dam  at  Tipitapa,  1,600  yards  concrete,  at  $15 $24,  000 

Excavation  of  outlet 20,000 

Gates  and  gatehouse 6,  000 

50,  000 
Diversion  of  Nuevo : 

750,000  cubic  yards  earth,  at  20  cents 150,  000 

Dam 100,000 

Total 300,  000 

The  discharge  from  Lake  Managua  has  been  measured  for  the  year 
1898,  excepting  for  the  months  of  January  and  December.     Estimating 
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the  discharge  for  these  two  months,  we  have  a  total  outflow  for  the 
year  of  something  over  1,100,000  acre-feet,  or  enough  to  raise  Lake 
Nicaragua  0.55  foot,  or  to  raise  Lake  Managua  3.8  feet,  if  all  had  been 
held. 

Had  the  Nuevo  River  been  diverted  into  Lake  Managua  during  this 
year,  it  would  have  contributed  about  200,000  acre-feet  more,  sufficient 
in  all  to  raise  Lake  Managua  about  4.J  feet  in  excess  of  evaporation, 
or  enough  to  raise  Lake  Nicaragua  8  inches.  Though  the  precipita- 
tion and  run-ofl'  of  1898  were  probably  above  the  average,  still  it  would 
be  fair  to  expect  one  or  more  such  years  in  each  interval  between  the 
years  of  drought,  and  to  assume  that  the  inflow  to  Lake  Managua  dur- 
ing the  other  years  would  on  an  average  be  e([ual  to  the  evaporation. 
If  this  assumption  be  correct,  we  have  for  $300,000  a  storage  that 
would  cost  over  $1,000,000  to  provide  in  Lake  Nicaragua.  The  infor- 
mation at  hand  is  not  sufficient  to  admit  an}^  conclusion  as  to  the 
actual  quantity  of  practicable  storage,  but  if  in  each  year  of  extreme 
drought  Lake  Managua  could  furnish  an  amount  of  water  equal  to  18 
inches  over  its  own  surface,  its  storage  would  be  cheaper  than  the 
same  storage  capacity  provided  by  excavation  along  the  canal  line.  It 
seems  entirely  safe  to  conclude  that  this  could  be  done.  The  storage 
of  water  in  Lake  Managua  would  also  assist  in  the  control  of  the  surplus 
waters  by  reducing  the  area  of  the  watershed  to  be  provided  for. 

TIPITAPA    STATION. 

A  gage  was  placed  in  this  river  about  100  yards  above  Tipitapa  Falls, 
which  serves  both  to  register  the  stage  of  the  river  and  the  height  of 
Lake  Managua,  upon  which  the  stage  of  the  river  depends.  During 
low  water  the  river  was  too  sluggish  above  the  falls  for  accurate  meas- 
urements with  current  meter,  and  gagings  were  made  from  the  bridge 
below  the  falls.  As  the  river  rose  it  became  very  turbulent  and  swift 
at  the  bridge,  but  at  the  same  time  the  velocity  in  the  upper  river 
increased  and  good  measurements  were  made  above  the  falls.  Observa- 
tions of  rainfall  and  evaporation  were  also  made  at  this  point. 

Daily  gage  height,  in  feet,  of  Tipitapa  River  at  Tipitapa  above  falls  for  1898 
[This  shows  the  fluctuations  of  Lake  Managua.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.44 
4.39 
4.42 
4.33 
4.35 
4.38 
4.36 
4.32 
4.32 
4.28 
4.25 

3.92 
3.92 
3.92 
3.89 
3.81 
3.78 
3.78 
3.86 

3.81 
3.78 

3.19 
3.13 

2.91 
3.10 
3.12 
3.08 
2.99 
2.97 
2.93 
2.95 

2.65 
2.56 
2.59 
2.55 
2.54 
2.54 
2.52 
2.49 
2.47 
2.48 
2.49 

3.61 
3.61 
3.59 
3.53 
3.62 
3.68 
3.65 
3.62 
3.62 
3.69 
3.71 

5.41 
5.50 
4.90 
5.39 
5.36 
5.53 
5.68 
5.44 
5.36 
5.60 
5.42 

5.19 
5.27 
5.27 
5.33 
5.24 
5.27 
5.38 
5.37 
5.26 
5.20 
5.23 

5.72 
5.70 
5.66 
5.76 
5.90 
5.90 
5.90 
5.70 
5.94 
5.96 
6.14 

7.34 
7.34 
7.30 

7.25 
7.25 
7.30 
7.40 
7.35 
7.40 
7.35 

8.05 
7.95 
7.90 
7.80 
7.80 
7.75 
7.75 
7.70 
7.65 
7.70 
7.65 

7.05 
7.10 
7.00 
6.95 
6.90 
6.85 
6.85 
6.80 
6.75 
6.75 
6.72 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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Daily  gage  height  of  Tipitapa  Biver  at  Tipitapa  above  falls  for  1898 — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

12 

4.23 
4.12 
4.17 
4.20 
4.18 
4.11 
4.18 
4.11 
4.16 
4.08 
4.05 
4.05 
4.01 
3.94 
3.93 
3.96 
3.95 

3.75 
3.78 
3.74 
3.68 
3.57 
3.52 
3.51 
3.48 
3.41 
3.41 
3.40 
3.50 
3.43 
3.34 
3.21 
3.26 
3.30 
3.28 
3.10 
3.13 

2.86 
2.97 
2.98 
2.95 
2.96 
2.84 
2.91 
2.86 
2.78 
2.78 
2.77 
2.79 
2.80 
2.79 
2.68 
2.62 
2.65 
2.67 
2.60 

2.45 
2.45 
2.39 
2.42 
2.47 
2.52 
2.67 
2.82 
2.80 
2.92 
3.03 
3.18 
3.33 
3.57 
3.67 
3.70 
3.67 
3.68 
3.58 
3.65 

3.91 
3.71 
3.66 
3.65 
3.67 
3.77 
3.88 
3.89 
4.03 
4.12 
4.51 
4.62 
4.76 
4.86 
4.95 
4.87 
5.16 
5.38 
5.43 

5.47 
5.49 
5.50 
5.42 
5.34 
5.48 
5.32 
5.38 
5.32 
5.36 
5.48 
5.40 
5.33 
5.31 
5.40 
5.26 
5.25 
5.26 
5.  .'JO 
5.39 

5.33 

5.24 

5.31 

5.37 

5.29 

5.31 

5.28 

5.27 

5.27 

5.31 

5.31 

5.41 

5.36 

5.35 

5.38 

5.42- 

5.64 

5.60 

5.68 

5.69 

6.28 
6.48 
6.62 
6.76 
6.95 
6.94 
6.94 
6.95 
6.96 
7.18 
7.18 
7.18 
7.24 
7.  26 
7.20 
7.31 
7.38 
7.40 
7.34 

7.35 
7.32 
7.40 
7.37 
7.50 
7.62 
7.72 
7.72 
7.87 
7.95 
7.95 
8.00 
7.92 
7.95 
7.95 
8.00 
8.02 
8.00 
8.00 
8.00 

7.65 
7.70 
7.60 
7.55 
7.50 
7.40 
7.45 
7.35 
7.30 
7.  :io 

7.30 
7.25 
7.25 
7.20 
•7.20 
7.15 
7.15 
7.10 
7.05 

6.70 
6.70 
6.65 
6.60 
6.55 
6.55 
6.50 
6.  .55 
6.50 
6.52 
6.50 
6.45 
0.40 
6.40 
6.35 
6.30 
6.30 
6.25 
6.20 
6.20 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 '.. 

31 

List  of  discharge  measurements  made  on  Tipitapa  River  at  Tipitapa. 


Date 

1898 

• 

Apr. 

2 

May 

26 

June 

1 

June 

16 

June 

20 

June 

22 

June 

27 

July 

1 

Aug. 

18 

Aug. 

29 

Sept. 

5 

Sept. 

10 

Sept. 

12 

Sept. 

13 

Sept. 

14 

Sept. 

15 

Sept. 

16 

Sept. 

21 

Sept. 

26 

Sept. 

28 

Hydro^^iapher. 


G.P.Philip.... 
G.  N.  Challice. 
do 


do 
do 
do 
do 
.do 


Meter. 


G.  R.  Wadleigh  . . . 


do 

do 

do 

do 

.do 

.do 

.do 

.do 

.do 

do 

.do 


Ellis  . 
....do 
....do 

...do 
....do 
....do 
....do 
....do 

do 

....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 


Gage 
height. 


Feet. 

3.13 

3.67 

3.58 

3.67 

4.04 

4.50 

4.81 

5.40 

5.27 

5.60 

5.85 

5.98 

6.23 

6.44 

6.58 

6.74 

6.94 

7.18 

7.18 

7.36 


Area  of 
section. 

Mean 
velocity. 

Sq.feet. 

Feet  per 
second. 

3.2 

0.79 

45 

0.47 

46 

0.27 

45 

0.32 

60 

0.82 

99 

1.51 

119 

1.98 

195 

3.43 

177 

3.38 

178 

4  75 

196 

6.61 

1,346 

0.84 

1,495 

0.93 

1,602 

1.11 

1,601 

1.19 

1,659 

1.27 

1,738 

1.38 

1,834 

1.55 

1,  835 

1.62 

1,909 

1.71 

Discharge. 


Sec-feet. 

2.6 

21 

12 

15 

49 

149 

236 

669 

597 

845 

1,296 

1,137 

1,394 

1,771 

1,907 

2,106 

2,392 

2,851 

2,966 

3,186 
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List  of  discharge  measurements  made  on  Tipiiapa  Hirer  at  Tipitapa — Continued. 


Date. 


1898, 
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Jan. 


10 

22 

2 

4 

9 

12 

19 

23 

2 

6 

13 

20 

26 

1 


Hyflrographer. 


G.  P.  Philip 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Meter 
number. 


Ellis.. 
...do  . 
...do  . 
...do  . 

do  . 

...  do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 
...do  . 

do  . 

...do  . 


Gage 
height. 

Area  of 
section. 

Mean 

velocity. 

Feet. 

Sq.  feet. 

Feet  per 
second. 

7.40 

1,894 

1.71 

7.94 

2, 158 

2.40 

1       7.92 

2,140 

2.29 

'      7.82 

2,103 

2.25 

7.69 

2,038 

2.12 

7.53 

1,937 

1.85 

7.42 

1,925 

1.79 

7.25 

1,862 

1.66 

7.08 

1,  785 

1.57 

6.85 

1,684 

1.46 

6.70 

1,608 

1.36 

6.52 

1,571 

1.24 

6.38 

1,454 

1.17 

6.22 

1,401 

1.07  i 

Discbarge. 


Sec-feet. 

3,234 

5,177 

4,891 

4,735 

4,  325 

3,585 

3,445 

3,095 

2,810 

2,465 

2,190 

1,935 

1,704 

1,501 


Estimated  monthly  discharge  of  Tipitapa  Hirer  at  Tipitapa. 


February 

March 

April 

May 

June 

July 


August. 


September 
October  . . . 
November  . 
December  . 


Total 


Month. 


1898. 


Discbarge  in  second-feet. 


Maxi- 
mum. 


125 

36 

4 

18 

700 

922 

930 

3,230 

5,380 

5,  500 

2,630 


Mini- 
mum. 


Mean. 


37 

3 

0 

0 

13 

280 

487 

910 


77 
16.6 
0.5 
3.8 
121 
662 
626 
2,045 


2,910   4,040 


2,150 
1,470 


3,640 
1,950 


Total  for 
month  in 
acre-feet. 


4,275 

1,020 

29 

234 

7,200 
40,  700 
38,  490 
121,  690 
248,  410 
216,  600 
119,  900 


798,  548 


SAN   UBALDO   AND   MORRITO. 


For  the  purpose  of  measuring  evaporation  and  rainfall  on  the  north- 
eastern shore  of  Lake  Nicaragua,  as  well  as  recording  its  fluctuations, 
a  station  was  established  at  San  Ubaldo  on  April  G,  1898.     This  point 
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was  selected  on  account  of  the  convenience  of  communication,  it  being 
a  regular  stopping  i)lace  for  the  Victoria,  a  steamer  plying  between 
Granada  and  San  Carlos.  During  the  month  of  May,  when  adverse 
winds  were  frequent,  the  evaporation  pan  was  frequently  driven  ashore, 
there  being  no  means  of  protecting  it  at  this  point.  This  fact,  together 
with  the  difficulty  of  obtaining  suitable  quarters  for  the  observer  at 
this  point,  decided  the  removal  of  this  station  to  Morrito,  a  native  vil- 
lage about  10  miles  to  the  southeast.  This  removal  was  accomplished 
on  May  24.  The  lake  gage  at  San  Ubaldo  was  connected  by  spirit  level 
with  two  bench  marks  and  with  a  point  indicated  by  the  inhabitants 
as  being  the  high-water  mark  of  1893,  the  highest  stage  known  since 
the  settlement  at  this  point. 

Bench  mark  Ko.  1  is  the  highest  jioint  of  a  large  bowlder  10  feet 
north  of  the  north  door  of  the  bodega.  It  is  5.44  feet  above  the  9-foot 
mark  of  the  lake  gage. 

Bench  mark  No.  2  is  on  the  top  of  the  middle  masonry  support  of 
the  bodega  building.  It  is  5.3  feet  above  the  9-foot  mark  of  the  lake 
gage. 

The  high- water  mark  of  1893  is  3.9  feet  above  the  9-foot  mark  of  the 
lake  gage.  Rainfall  and  evaporation  observations  were  also  taken  at 
this  station. 

At  Morrito  the  gage  was  fastened  to  some  stakes  that  had  been  stand- 
ing in  the  margin  of  the  lake  for  several  years  and  were  reasonably 
solid.  Both  it  and  the  evaporation  pan  were  partially  protected  from 
breakers  by  a  line  of  swamp  grass  growing  in  the  lake  outside  of  the 
water  in  which  they  stood.  This  station  was  discontinued  on  Septem- 
ber 21. 

FORT   SAN   CARLOS. 

A  gage  was  established  at  this  point  by  Lieut.  G.  C.  Hanus,  U.  S.  N., 
January  4,  1898.  It  was  simply  a  graduated  stick  driven  in  the  sand 
in  shallow  water  and  supported  by  two  stakes  in  the  form  of  braces.  On 
March  13  a  more  substantial  gage  was  placed  in  deeper  water  and  firmly 
fastened  to  the  iron  remains  of  an  old  wreck  of  a  Yanderbilt  steamer 
about  a  quarter  of  a  mile  north  of  the  town  of  San  Garlos.  It  was 
driven  as  far  as  possible  into  the  mud  and  fastened  with  bolts  and  cable 
to  the  iron  wreck.     Its  zero  is  at  elevation  96.436. 

Bench  mark  No.  1  is  on  the  highest  point  of  the  shore  end  of  the 
stranded  boiler  and  is  12.933  feet  above  the  zero  water  gage  last  described 
and  9.78  feet  above  the  zero  of  gage  established  by  Lieutenant  Hanis. 
From  the  8th  of  March,  when  a  special  observer  was  stationed  at  San 
Carlos,  rainfall,  evaporation,  temperature,  and  humidity  observations 
were  taken. 

FRIO   RIVER. 

On  May  9  a  gage  was  placed  in  the  Frio  River  about  1  mile  above  its 
mouth,  upon  which  readings  were  taken  every  other  day,  and  occasional 
measurements  were  made. 
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List  of  discharge  measurements  made  on  Frio  River,  1  mile  above  mouth. 


Date. 


1898. 
May  13 
May  9 
May  15 
May  21 
June  22 
June  30 
July  9 
July  23 
Do... 


Hydrographer. 


H.  S.  Reed  .... 

do 

do , 

do 

W.  W.  Schlecht 
..---.do 


Meter 
niimher. 


do 
do 
do 


July    29    do 

Aug.     6  I do 

Aug.    19  ! do 

Aug.  31 

Sept.  13 


E.  P.  Humphrey  . . . 
....do , 


St.  1. 

St.  1. 

St.  1. 

St.  1. 

St.  1. 

St.  1. 

St.  1. 

St.  1. 
Floats. 

St.  1. 

St.  1. 

St.  1. 
94 
94 


Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

Sq.feet. 

Feet  per 
second. 

2.63 

2,375 

0.51 

2.50 

2,414 

0.54 

2.62 

2,414 

0.305 

2.93 

2,519 

0.74 

3.85 

2,660 

2.49 

4.67 

2,928 

3.96 

4.90 

2,947 

3.74 

5.10 

3,068 

3.84 

5.05 

3,060 

3.56 

5.20 

3,088 

2.40 

5.25 

3,096 

2.48 

5.28 

3,  096 

2.40 

5.44 

3,095 

1.36 

5.80 

3,438 

1.45 

Discharge. 


Sec-feet. 

1,198 

1,302 

737 

1,871 

6,626 

11,  600 

11,  032 

11,  780 

10,  885 

7,400 

7,684 

7,445 

4,187 

5,  003 


Estimated  monthly  inflow  into  Lake  Nicaragua  in  excess  of  evaporation. 


Mouth. 

Stored  in  lake. 

Outflow. 

Total. 

Intiow. 

1898. 

January  4-31 

February  

Acre- feet. 
—    666,400 
—1, 218,  600 
—1,  827,  800 
—1,  237,  600 
-f-     342,700 
-f  1,  846,  900 
-f  1,  980,  200 
-f-    856,800 
-f-1, 504,  200 
+1, 199,  500 
-f    609, 300 
437,  900 

Acre-feet. 
-1-1,  032,  400 
-f-    923,800 
-f-    863,600 
-f-    724,100 
-f-    723,300 
-f-     841,600 
-f-1, 190,  900 
-{-1,  202,  200 
+1,  313,  600 
-f  1,  440,  600 
-f-1, 512,  000 
-f-1,  540,  000 

Acre -feet. 

-f-    366,000 

—  294,800 

—  964,200 

—  513,500 
-f-1,  066,  000 
-f  2,  688,  500 
-f-3, 171, 100 
-f-2,  059,  000 
-f  2,  817, 800 
-f-2, 640, 100 
-f-2, 121,  300 
-f-1, 102, 100 

Sec. -feet. 
-f-  6,590 
—  5,  310 
—15,  680 
8,630 
-f-17,  340 
-f-45,  200 
-f-51,  570 
-f-33,  490 
-f-47,  350 
-1-42,  960 
-f35,  650 
-f-17,  920 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

16,  259,  400 
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Daily  elevation,  computed  from  gage  rods,  of  Lake  Nicaragua  at  Las  Lajas,  Morrito,  and 

San  Carlos  for  1898. 

[Las  Lajas,  February  8;  San  Carlos,  January  4;  Morrito,  April  9  to  September  21.] 


Day. 


Jan. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27- 
28. 
29. 
30. 
31. 


105.  30 

105. 34 
105. 40 
105.  31 
105. 32 
105. 26 

105. 17 
105.  23 
105.  25 

105. 18 
105.  14 
105. 13 
105. 17 
105. 16 
105. 21 
105.22 

105. 35 
105. 28 
105. 20 
105. 11 
105. 02 
105. 09 
105.  08 
105. 07 
105.  05 
104. 90 
105. 02 
104. 95 


Feb.   1  Mar.  1  Apr.  I  May. 


June. 


104. 87 

104. 80 
104. 90 
104.86 
104.  89 

104. 81 
104. 81 
104.  81 
104.  80 
104. 70 
104, 68 
104.  69 
104. 79 
104. 70 
104.  67 
104. 61 
104. 59 
104. 59 
104.  54 
104.  52 
104. 46i 
104.  42 
104. 38 
104.  46 
104. 42 
104. 44 
104. 32 
104. 31 


104.24 
104.27 
104. 20 
104. 24 
104. 16 

104. 13 

104. 14 
104.11 
104. 10 
104.  00 
104.02 
104.  00 
103.  99 
103. 90 
103.  95 


103. 64 
103. 68 
103.71 
103.  52 
103.  65 
103.  67 
103.  68 
103.  37 
103.  57 
103.50 
103.  47 
103. 48 
103. 35 


103. 40 
103. 40 
103.  36 
103. 34 
103. 30 
103.  34 
103. 30 
103.  24 
103. 21 
103. 15 
103. 19 
103. 19 
103. 14 
103. 12 
103.  07 
103.06 
103. 06 
103.  03 
102. 99 

102. 93 
102. 97 

102. 94 
102.  91 
102.  83 
102.  81 
102. 82 
102.  80 
102.  75 
102.71 
102.  70 


102.  67! 
102. 62 
102. 61 
102.  59 
102.  58 
102.  58 
102.  52 
102. 50 
102. 49 

102. 47 
102. 46 

102. 42 
102. 34 
102.  41 
102.  35 

102. 43 
102. 39 
102.51 

102. 48 
102.  49 
102. 53 
102.  81 
102. 78 
102. 89 
102.  95 
102. 93 
102.  97 
102.  94 
102. 84 
102.  93 
102. 88 


July. 


102.  86 
102. 87 
102.82 
102. 77 
102. 80 
102. 83 
102. 90 
102. 87 
102. 86 
102. 86 
102. 86 
102. 92 
102.  89 
102.  85 
102. 86 

102.  82 
102. 85 
102. 85 
102. 97 
103. 03 

103.  08 
103.  29 
103. 35 
103.  39 
103.  47 
103. 42 
103.  54 
103.  68 
103. 80 
103. 85 


103.  88 
103.  85 

103.  93 

104.  08 
104. 00 

104. 16 

104. 17 
104. 20 
104.  28 
104. 27 
104.  34 
104.  37 
104.  36 
104. 36 
104.41 
104.45 
104. 42 
104. 45 
104. 48 
104. 63 
104. 55 
104. 63 
104.  61 
104.  70 
104.71 
104.  73 
104. 77 
104. 84 
104.  76 
104. 92 
104.  89 


Aug. 


Sept. 


104. 94 
104.  89 

104.  89 

104. 96 
104. 99 

104. 95 
104. 98 

105.  08 
105.  05 
105.03 
105.  03 

104. 97 
105. 12 
105. 11 
105. 16 
105. 18 
105.  2l' 
105. 16 
105. 16' 
105. 16, 

105. 20 

105. 21 

105. 15 

105. 18 

105. 19 

105. 16 
105.  21 
105.  20 
105. 32 
105.  33 
105. 34 


105.34 
105. 35 
105. 33 
105. 32 
105.  35 
105. 43 
105. 40 
105.  43 
100.  43 
105. 49 
105.57 
105. 67 

105. 82 

105. 83 
105.  86 
105. 91 
105. 96 
105.95 
105. 95 

105.  96 

105. 03 

106.  09 

106. 04 
106. 12 
106. 10 
106.  06 
106.  01 

106. 12 
106. 14 

106. 13 


Oct. 


106.04 
106. 12 
106. 14 

106. 12 

106. 13 
106. 11 
106. 13 
106. 17 
106. 11 
106.11 
106.  09 
106. 13 
106. 13 
106.  22 
106.  26 
106.  24 
106.  30 
106. 46 
106. 52 
106.  53 
106. 51 
106. 62 
106.  66 
106.  74 
106. 73 
106.  74 
106. 76 
106.  72 
106. 82 
106.  79 
106.  76 


Nov. 


106. 79 
106. 75 
106. 69 
106.  64 
106. 60 
106.  64 
106.  60 
106.57 
106.  60 
106.  59 
106. 64 
106.  72 
106.  84 

106. 80 
106. 85 
106. 88 
106.  88 
106. 95 

106.  89 
106. 82 

107.  00 
106.  94 


Dec. 


106.  92 
106.  97 
107. 00 
107.01 
107. 08 


107. 05 
107.  04 
107.  00 
107.  06 
107. 08 
107.  03 
107. 05 
106.  97 
106.  96 
106.  99 
106.  98 
106. 96 
106.  90 
106. 90 
106. 88 
106.  91 
106. 85 
106.85 
106. 80 
106.  82 
106.  78 
106.73 
106.  78 
106. 80 
106. 76 
106.  74 
106. 70 
106. 68 
106.  79 
106. 78 
106. 85 


DRY    SEA.SON    INFLOW    TO    LAKE   NICARAGUA. 

For  the  purpose  of  determiniug  the  amount  of  storage  necessary  for 
maintaiuing  the  summit  level  of  Lake  Nicaragua  at  any  desired  point 
through  the  dry  season  an  attempt  was  made  to  measure  the  inflow  to 
Lake  Nicaragua  during  the  months  of  April  and  May,  1898.  This  work 
was  begun  on  April  19,  and  the  following  notes  and  measurements 
were  made  of  its  tributaries : 

Negro{f), — First  river  south  of  Frio  River.  Water  black  and  foul. 
No  current.  Open  water  only  about  300  yards  above  mouth.  Above 
this  entirely  closed  by  grass.  Width,  40  to  200  feetj  depth,  8  to  12 
feet;  discharge,  zero,  or  nearly  so. 

Another  estuary  exactly  similar  in  all  respects  occurs  one-fourth  of 
a  mile  south,  which  may  be  another  mouth  of  the  same  drainage.  Both 
are  almost  due  south  of  San  Carlos. 

A  third  estuary,  wider  and  louger,  but  otherwise  similar,  is  one-half 
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mile  still  farther  south,  and  has  two  branches,  the  southern  and  longer 
being  2  miles  long.     Water  foul.     Discharge,  zero,  or  nearly  so. 

Two  other  small  estuaries  farther  south  were  inspected. 

Cucaracho(f). — A  wide  mouthed,  deep  estuary,  about  a  mile  south- 
west of  the  most  southerly  described  above.  It  has  about  a  mile  of 
open  water.  No  indication  of  current.  Water  very  black.  Discharge, 
zero. 

One-half  mile  southwest  of  above  is  an  estuary  which  is  choked  with 
vegetation  one-fourth  mile  above  its  mouth.     Discharge,  zero. 

One-half  mile  southwest  of  above  is  a  deep  estuary  closed  with  vege- 
tation one-half  mile  above  its  mouth.     Discharge,  zero. 

Arafia  River, — Water  deep  and  still.  Water  lettuce  and  other  plants 
standing  on  surface,  not  fastened,  do  not  float  out.  Water  stagnant 
and  foul.  All  signs  indicate  absolutely  still  water.  One  mile  above 
mouth  the  channel  is  choked  with  vegetation  and  becomes  a  swamp. 

West  of  this  point  occurred  several  streams  with  measurable  dis- 
charge.   Their  character  and  volume  are  indicated  in  the  following  table: 


Date. 


stream. 


Area  of 
section. 


1898. 
Apr.    19 


Pisote,  East  Fork 
Pisote,  West  Fork 
Poro 


Square-feet. 
550.  0 
427.  0 


Apr.    20     Las  Haciendas,  1  mile  up. 

Oroci,  near  mouth 

Mena,  three-fourths  mile  up  . 

Apr.    21     Sabalo,  near  mouth 

[  Pueblo,  one-half  mile  up 

Tiroli,  one  half  mile  up , 

Sapoa,  2  miles  up 

Frio,  2  miles  up 


May    15 


78.0 

57.0 

47.0 

20.0 

2.3 

3.1 

102.0 

2,414.0 


Total  dry-season  inllovv  to 
Lake  Nicaragua,  southern 
end 


Velocity.     Discharge. 


Feet  per 
second. 

0.82 
0.78 


1.22 
0.55 
0.91 
L70 
L17 
0.32 
0.29 
0.31 


Second-feet. 

452.0 

332.0 

(a) 

95.0 

33.0 

43.0 

34.0 

2.7 

1.3 

30.0 

737.0 


1,  760.  0 


a  No  discharge. 

Alligator. — Five  miles  north  of  San  Carlos,  an  estuary  of  stagnant 
water,  10  feet  deep,  40  feet  wide.  One-half  mile  above  mouth  it  is 
choked  by  vegetation.    Discharge,  zero. 

Consuelo, — Large  estuary  with  large  delta  and  two  mouths.  Has 
about  half  a  mile  of  open  water;  above  this  point  closed  by  vegetation. 
Water  stagnant.     Discharge,  zero. 

Murillo. — North  of  Point  Murillo  is  an  estuary  which  forks  about  one- 
fourth  mile  above  mouth.  Both  forks  are  closed  by  vegetation  a  short 
distance  above  their  junction.  Depth,  3  to  7  feet.  No  measurable 
velocity.     Total  discharge  estimated  at  10  second-feet. 
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Maria, — About  2  miles  north  of  above  is  a  short  estuary  of  stagnant 
water.     Discharge,  zero. 

Tide. — Large  estuary,  wide  and  deep.  Much  floating  vegetation. 
No  perceptible  current.     Discharge  in  significant. 

San  Miguelito. — An  estuary  about  a  mile  long  occurs  2  miles  north  of 
the  town  of  San  Miguelito,  emptying  into  a  sort  of  bay.  It  is  shallow 
and  has  no  measurable  current.     Discharge,  zero. 

Piedras. — A  large,  deep  estuary  just  north  of  above.  It  has  two 
tributaries,  one  from  the  right  and  one  from  the  left,  all  deep  and  stag- 
nant. Floating  islands  and  plants  indicate  no  current.  Discharge, 
zero. 

Tepenaguasape. — Large  estuary  with  large  delta.  Depth,  18  feet; 
width,  50  feet.  At  time  of  inspection  floating  islands  and  other  vegeta- 
tion were  moving  upstream  under  the  influence  of  wind.  All  indica- 
tions point  to  stagnancy,  as  in  other  streams.     Discharge  negligible. 

Dilate. — This  river  has  a  large  deltaic  formation  covered  with  aquatic 
vegetation,  much  of  which  is  floating.  At  time  of  inspection  it  was 
choked  with  vegetation,  there  being  no  visible  current.  Discharge  neg- 
ligible. About  one  month  later,  on  the  21st  of  June,  a  Ineasurement 
was  made  about  2  miles  above  the  mouth  of  the  river.  At  this  time 
the  area  of  cross  section  at  the  point  of  ineasurement  was  1,079  square 
feet;  mean  velocity,  3.94  feet  per  second;  discharge,  4,258  cubic  feet  jjer 
second. 

Catarina. — A  large  stream  course  explored  to  a  distance  of  about  2 
miles.  Depth,  10  to  15  feet;  width,  about  100  feet.  No  current.  Infor- 
mation from  natives  and  all  indications  denote  no  discharge. 

Ajocuapa, — This  river  opens  directly  against  the  island  of  the  Jobo 
group  that  lies  nearest  the  shore.  It  has  a  large  delta  and  is  very 
shallow.    Much  choked  with  floating  vegetation.     Discharge,  zero. 

Mollales, — When  ascended.  May  23,  this  river  was  stagnant  from  the 
mouth  nearly  to  the  point  of  measurement,  what  slight  motion  was 
shown  being  upstream.  Descending  it  showed  current  nearly  all  the 
way  down.  This  fact  and  the  rise  of  one-tenth  foot  which  occurred  at 
the  point  of  measurement  during  inspection  indicate  that  most  of  the 
discharge  is  due  to  very  recent  heavy  rains,  and  that  the  dry-season 
discharge  is  negligible.  Measurement  made  4  miles  above  mouth. 
Total  area,  GQ  square  feet;  mean  velocity,  0.73;  discharge,  49. 

Roblado. — This  stream  enters  the  lake  at  Guapinolapa.  On  May  24, 
the  date  of  inspection,  it  was  choked  with  vegetation  about  200  feet 
above  the  point  of  measurement  and  gave  other  proofs  of  normal 
stagnancy.  The  discharge  found  is  doubtless  due  to  recent  heavy 
rains.  Total  area  of  cross  section,  25  square  feet;  mean  velocity,  0.77 
feet  per  second;  discharge,  19  second-feet;  dry  season  discharge,  zero. 

Other  streams, — No  other  stream  of  measurable  discharge  was  found 
flowing  into  the  northern  end  of  Lake  Nicaragua.  The  coast  between 
Granada  and  Eivas  was  not  explored.     From  the  best  information 
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obtainable  by  inquiry  it  is  concluded  that  the  tributaries  between  these 
points  contribute  only  an  inconsiderable  quantity  of  water  at  the  close 
of  the  dry  season. 

South  of  Rivas  the  Medio  River  was  discharging  early  in  May  about 
1  cubic  foot  per  second. 

The  mouth  of  the  Lajas  was  closed  in  February  and  remained  so  until 
late  in  May.  No  other  streams  of  consequence  occur  between  Rivas 
and  Sapoa. 

other  discharge  measurements  of  lake  tributaries  made  hy  A.  P.  Davis,  1898. 


Date. 

stream. 

Locality. 

Meter 
num- 
ber. 

Gage 
height. 

Area 
of  sec- 
tion. 

Sq.  feet. 

2.8 

6.1 

20.0 

68.0 

1,079.0 

156.0 

Mean 
veloc- 
ity. 

Dis- 
charge. 

1898. 
Jan. 18 

Do 

Jan.  30 

May  12 

June  21 

July  9 

Las  Lajas 

Guiscoyal 

Jicoral 

At  mouth 

94 
94 
94 
94 
94 
94 

Feet. 
7.88 

2.60 

Feet  per 
second. 

1.46 

0.32 

0.47 

1.10 

3.94 

1.70 

Sec-feet. 

4.1 

2.0 

9.4 

75.0 

4,  258.  0 

266.0 

2  miles  UD 

Jicoral 

Machuca 

Ollate 

A  mile  ud 

3  miles  un 

Machuca 

2  miles  up 

RIO   SAN  JUAN. 

4 

SABALOS   STATION,  ON   KIO   SAN   JUAN. 

The  Rio  San  Juan  in  the  vicinity  of  Fort  San  Carlos  is  not  well 
adapted  to  measurement  at  all  stages,  the  banks  being  low  and  swampy 
and  subject  to  overflow  at  medium  high  stages.  The  first  important 
tributary  entering  the  river  is  the  Sabalos,  which  empties  at  the 
steamboat  station  bearing  the  same  name.  This  is  about  a  quarter  of 
a  mile  above  Toro  Rapids,  which  is  the  highest  point  at  which  it  has 
ever  been  proposed  to  dam  the  river  to  hold  the  lake  at  a  high  level. 
A  gage  was  placed  about  half  a  mile  above  the  mouth  of  the  Sabalos 
on  December  31,  1897.  It  consists  of  a  vertical  pine  board  driven  into 
the  river  bed  and  spiked  to  a  tree  growing  on  the  bank.  The  elevation 
of  the  zero  of  the  gage  rod  is  90.85  feet  above  sea  level.  Measurements 
were  made  a  short  distance  above  the  gage  by  means  of  a  boat  anchored 
in  the  stream,  distances  being  measured  by  stretching  a  tagged  rope 
across  the  river.  The  discharge  at  this  point  is  taken  as  being  essen- 
tially the  outflow  from  Lake  Nicaragua. 
20  GEOL,  PT  4 39 
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List  of  discharge  measurements  made  on  Bio  San  Juan  above  mouth  of  the  Sabalos. 


Date. 

1898. 

Jan. 

21 

Feb. 

2 

Feb. 

21 

Feb. 

25 

Mar. 

3 

Mar. 

8 

Mar. 

16 

Mar. 

24 

Mar. 

31 

I  Apr. 

8 

Apr. 

11 

Apr. 

19 

Apr. 

25 

Apr. 

29 

May 

10 

Hydrograpber. 


Meter 
i  number. 


R.C.^y  heeler 

do 

do 

do 


B.  ifcB. 
B.  <fcB. 


do , 

do 

do 

W.  M.  Barton 
do 


June 
June 
June 
June 
July 
Sept. 
Sept. 


6 
16 
20 
26 
13 

5 
11 


26 
9 


Sept.  14 
Sei)t.  21 
Oct.  19 
Oct. 
Nov 
Nov.  17 
Nov.  23 
Dec.  3 
Dec.  13 
Dec.  23 


do 

...:do 

....do 

do 

....do  

do 

-...do 

....do 

do 

....do 

do 

W.  W.  Schlecbt 
do 


do 

R.  H.  Morrin 

do 

do 

do 

do 

do 

do 

do 

.....do  


St. 


Gage 

Area  of 

heigbt. 

section. 

Feet. 

Sq.feet. 

9.75 

8,819 

6.30 

9,417 

9.27 

8,576 

9.20 

9,726 

9.10 

9,769 

9.00 

9,784 

8.90 

9,713  i 

8.70 

9,880 

8.60 

9,823 

8.60 

9,823  1 

8.50 

9,  768 

8.40 

9,  .776 

8.30 

9.722 

8.20 

9,667 

8.10 

9,614 

8.40 

9,776 

8.40 

9,247 

9.30 

9,733 

9.50 

9,829 

9.60 

9,876 

9.92 

10,674 

11.29 

11,273 

10.49 

10,  684 

10.48 

10.  720 

1     10. 79 

11.190 

1     10. 90 

10, 975 

10.66 

10,  864 

12.  21 

11,816 

10.  99 

11,148 

11.  23 

11, 273 

1     10. 99 

10,  972 

10,78 

10, 862 

Mean 
velocity. 


Feet  per 
second. 

2.16 

1.85 

1.92 

1.64 

1.58 
1.51 
1.48 
1.43 
1.35 


30 
30 
27 
22 
22 
20 
20 
1.23 
1.40 
1.53 
1.72 
1.94 
1.95 


2.12 
2.09 
2.19 
2.18 
2.20 
2.16 
2.25 
2.39 
2.32 
2.28 


Dis- 
charge. 


Sec. -feet. 
19,  000 
17, 360 
16, 530 
16,  000 

15,  466 
14, 720 
14,  406 
14, 088 
13,271 
12, 760 
12, 706 
12, 466 
11,897 
11.766 
11,318 
11,706 
11,403 
13, 660 
15, 025 
17, 020 
20, 666 
21, 995 

22,  673 
22, 431 

24,  520 
23, 914 

23,  965 

25,  550 
25, 110 

26,  700 
25, 500 
24, 775 


Remarks. 


Above  Toro  Rapids. 
Below  Toro  Rapids. 
Above  Toro  Rapids. 

Above  previous 

measurements. 
Upper  station. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Probably  back  wa- 
ter by  Sabalos. 

River  falling. 

River  rising. 


Estimated  monthly  discharfje  of  Rio  San  Juan  above  mouth  of  the  Sabalos,  or  three-fourths 

mile  above  Toro  Rapids. 


Month. 


1898. 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Jaunary 

February j  17,  780 

^arch I  15,400 

April 13.070 

May I  12,680 

June I  18,  420 

July j  23,510 

August i  22,  290 


19,  900     17,  890  18,  590 

15,430  16,633 

12,570  14,045 

11,580  12,169 

11,206  11,763 

11,  760  14, 144 

17,  360  19,  369 
19,  110 
19,  533 


26,  210 


26,  630  ;  22, 130 


September 

October  

November 28,  490  !  23,  450 

December 27,320  I  24,000 


19,  552 

22,  075 

23,  430 
25, 410 
25,  050 


Total  for  montb 
in  acre-feet. 


1, 143,  055 

923,  750 

863,  595 

724, 105 

723,  275 

841,  625 

1, 190,  935 

1,  202,  200 

1,  313,  550 

1,  440,  650 

1,  512,  000 

1,  540,  260 
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SABALOS   RIVER. 


Occasional  measurements  of  the  Sabalos  River  were  made  by  tbe 
observer  employed  upon  the  San  Juan  at  Sabalos.  A  gage  was  placed 
ill  this  river  about  3  miles  above  its  mouth,  but  at  certaiu  times  the 
stream  became  so  sluggish  at  this  point  as  to  be  difficult  to  measure. 
On  April  23  the  rod  was  moved  1  mile  farther  up  the  stream.  The 
following  measurements  were  made : 

List  of  discharge  measurements  made  on  Sabalos  River,  1\  miles  above  its  mouth. 


Date. 


1898. 
Jan.    24 
Feb.    22 

Feb.  22 
Mar.  4 
Mar.  17 
Mar.  25 
Apr.  1 
Apr.  9 
Apr.  ]6 
Apr.  23 
Apr.  30 
May  6 
:May  22 
May  27 
June  4 
June  11 
June  18 
June  27 
July  2 
July  14 
Sept.  7 
Sept.  15 
Sept.  23 
Oct.  11 
Oct.  27 
Nov.  11 
Nov.  15 
Nov.  22 
Nov.  29 


Hydrographer. 


R.  C.Wbeeler. 
do 

do 

do 

do 

W.  M.  Barton 
do 


do 

....do 

....do 

....do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

W.W.  Schlecht. 

do 

R.  H.  Morrin 

do 


-do 
.do 
.do 
.do 
.do 


Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
veloc- 
ity. 

Feet. 

Sq.feet. 

Ft.  per 

second. 

2 

6.00 

1004 

0.29 

2 

5.60 

960 

0.16 

2 

5.60 

142 

0.96 

2 

5.41 

133 

0.99 

2 

5.20 

105 

0.82 

2 

5.12 

108 

1.34 

2 

4.98 

81 

0.91 

2 

4.85 

88 

1.42 

2 

4.80 

77 

1.09 

2 

3.20 

71 

1.00 

2 

3.10 

66 

1.11 

2 

3.07 

62 

1.05 

2 

5.15 

444 

1.83 

2 

3.50 

82 

;.38 

2 

3.31 

67 

1.24 

2 

3.70 

99 

2.56 

2 

3.47 

69 

1.40 

2 

6.19 

595 

2.09 

2 

6.10 

613 

1.89 

2 

5.15 

443 

1.50 

5.13 

426 

0.79 

6.03 

596 

1.56 

5.71 

568 

1.26 

5.18 

476 

0.44 

5.93 

581 

1.15 

5.81 

528 

1.09 

6.49 

622 

1.62 

5.92 

536 

0.95 

7.70 

731 

2.49 

Dis- 
charge. 


Sec  ft. 
291 
152 

136 

131 

86 

145 

74 

125 

84 

71 

73 

65 

812 

113 

83 

254 

97 

1,246 

1,158 

669 

338 

928 

717 

213 

669 

579 

1,007 

.509 

1,818 


Remarks. 


Velocity  too  low  for  accu- 
racy. 

Taken  .1  mile  above  gage. 


New  rod  3. 20  =4. 70  old. 


Not  the  regular  section. 


River  falling. 
River  rising. 
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Estimated  monthly  discharge  of  Rio  San  Juan  above  the  mouth  of  the  San  Carlos. 
[Obtained  by  subtracting  the  discharge  of  the  Rio  San  Carlos  from  that  of  the  San  Juan  at  Ochoa.] 


Month. 


1898 

January  10-31 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Discharge  in  second-feet. 


Maxi- 
mum. 


23,  270 
34,  900 
22,  000 
25,  800 
19,200 
39,  200 
43, 100 
38,  400 
41,300 
37,  600 
70,  500 
41,  800 


Mini- 
mum. 


19,  500 
18,  500 
14,  600 

12,  900 
11,700 

13,  000 
26,  200 

23,  000 
22,  800 

24,  700 
26,  800 
26,  300 


Mean. 


21,  030 

22,  080 
16,  850 
15, 120 
14, 130 
22,  410 
32,  720 
26, 170 
29,  210 
29,  320 
36,  460 
31,  570 


Total  for  month 

iu 

acre- feet. 


917,  650 

1, 226,  260 

1, 036,  070 

899,  700 

868, 820 

1,  333,  500 

2,  Oil,  870 
1,  609, 130 
1,  738, 120 
1,  802,  820 
2, 169,  520 
1,  941, 160 


Elevation  of  Lake  Nicaragua  if  all  water  had  beeti  held  by  a  dam  at  Sabalos,  1898. 


Day. 


1.... 

2.... 

3.... 

4.... 

5.... 

6.... 

7.... 

8 

9 

10...- 
11.... 
12.... 
13.... 
14.... 
15.... 
16.... 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28.... 
29.... 
30.... 
31.... 


Jan. 


105. 32 
105. 34 
105.  36 
105. 38 

105. 44 
105. 52 

105. 45 

105. 48 

105. 54 
105.  38 
105. 45 

105. 49 
105. 44 
105. 42 
105.  43 
105. 49 
105.  51 
105.  57 
105. 60 
105. 75 
105. 70 
105. 63 
105. 56 
105. 49 

105. 58 

105. 59 
105.  60 

105. 60 
105. 47 
105. 60 

105. 55 


Feb. 


105. 49 

105. 44 
105.  56 
105. 53 
105. 58 
105. 52 
105.  54 
105.  56 
105.57 
105. 48 

105. 48 
105. 51 
105. 62 
105. 55 
105.  54 
105.  49 

105. 49 
105. 51 
105. 48 
105. 48 
105. 43 
105. 41 
105.  38 

105. 48 

105. 45 

105. 49 
105.  39 
105. 39 


Mar. 


105. 34 
105.  39 
105. 33 
1U5. 39 

105. 32 

105. 31 

105. 33 

105. 32 
105.  32 
105.  24 
105. 27 
105.  28 
105.28 
105.21 
105. 27 
105. 20 
105. 15 
105. 09 
105.  02 
105. 07 
105.12 
104. 94 
105.  08 
105. 12 
105.14 
104. 84 
105.  06 

105. 00 
104.  98 

105. 01 
104. 89 


Apr. 


104. 95 
104. 97 
104^95 
104. 94 
104.  91 
104. 97 
104. 94 
104. 89 
104. 87 
104. 82 
104  88 
104. 89 
104.86 
104. 85 
104. 81 
104.  82 
104.83 
104.81 
104. 78 
104.  73 
104.79 
104. 77 
104.  75 

104. 68 
104. 67 
104. 70 

104. 69 
104.  65 
104.  62 
104.  62 


May.  '  June.    July. 


104.61 
104. 57 
104. 57 
104.56 
104. 57 
104.58 
104.  53 
104.  52 
104. 52 

104. 51 

104. 52 
104.  49 
104. 42 
104.  50 
104. 45' 
104.  54 
104.51 

104. 64 

104.  62 

104. 65 
104. 70 

105.  00 
104. 98 
105. 10 
105. 18 

105. 17 
105. 23 
105.  21 
105. 12 
105. 22 

105. 18 


105. 17 
105. 19 

105. 15 
105.11 

105. 16 
105.  20 

105. 28 
105.  26 
105.  27 

105. 29 

105. 30 
105.  37 
105.  35 
105. 32 
105. 35 
105. 32 
105.  36 

105.  37 
105. 51 
105. 58 
105.65 
105. 88 
105.96 

106.  02 
106. 12 
106. 09 
106. 23 
106.  39 
106. 53 
106.  59 


106.  64 
106.63 
106. 73 

106.  90 
106. 84 
107. 02 
107. 05 
107. 10 
107.20 
107.21 

107.  30 

107. 35 

107. 36 
107. 38 
107. 45 
107.51 
107.  50 
107.  55 
107.  60 
107.  77 
107.71 
107.81 
107.  81 
107.  92 
107. 95 
107. 99 
108. 05 
108. 14 
108. 08 
108. 26 
108. 25 


Aug. 


108.  32 
108.  29 
108.31 
108.40 
108.45 
108. 43 
108. 48 
108. 60 
108.59 
108.  59 
108.  61 
108. 58 
108.  75 
108.  76 
108.  83 
108.  87 
108.  92 
108. 89 
108.  91 
108. 93 
108. 99 
109. 02 

108.  98 

109.  03 
109. 06 
109.  05 

109. 12 

109. 13 
109.  27 
109. 30 
109.  .33 


Sept. 


109. 35 
109.  38 
109.  38 
109.  39 
109.  44 

109. 54 
109. 53 
109. 58 

109.  60 
109. 68 

109. 79 
109. 92 
110.10 
110. 13 
110. 18 

110.  26 
110.  34 
110.35 
110.  37 
110.  40 
110. 49 
110.58 

110. 55 
110.  66 
110. 66 
110.  64 
110.62 
110.17 

110. 80 
110.81 


Oct. 


110.75 
110.85 
110.90 
110.90 
110.93 
110.94 
110.98 
111.04 
111.01 
111.04 
111.04 
111.11 
111. 13 
111.24 
111.30 
111.30 
111.39 
111.58 
111.66 
111.70 
111.71 
111.84 
111.90 
112.01 
112.03 
112. 06 
112. 10 
112. 09 
112.  21 
112.  20 
112. 20 


Nov. 


Dec. 


112. 26 
112.24 
112.21 
112. 18 
112. 10 
112.23 
112.21 
112.  20 
112.26 
112.28 
112.35 
112.45 
112. 60 
112. 59 
112.  67 
112. 73 
112.  76 
112. 86 
112.82 
112. 78 
112  98 
112.96 

112.  98 
113. 00 

113.  02 
113. 04 
113. 12 
113. 18 
113."22 
113. 31 


113.31 
113.33 
113. 32 
113.41 
113. 45 
113.  43 

113. 48 
113.42 
113. 44 
113. 50 
113.  52 
113. 52 

113. 49 
113. 52 
113. 52 
113.58 
113.  55 
113.  58 
113.  55 
113.  60 
113.  58 
113. 55 

113. 63 
113. 67 

113. 65 

113. 66 

113. 64 
113.64 
113.78 
113. 79 
113.89 
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Esi'unaied  monthly  discharge  of  tributaries  to  the  Bio  San  Juan  between  Sahalos  and  the 
liio  San  Carlos,  being  the  difference  between  the  discharge  of  Rio  San  Juan  above  Boca 
San  Carlos  and  at  Sahalos, 

[Drainage  area,  750  square  miles,  approximately.] 


Month. 


1898. 
January  10-31 

February 

March 

April 

May 

.June 

July 

August 

September  . .. 

October  

November 

December 


Discharge  in  second-feet. 


Maxi- 
mum. 


5,100 
17,  600 

6,600 
12,  700 

7,000 
21,  000 
21,  600 
16, 100 
15,  900 
11,  900 
45,  000 


Mini- 
mum. 


900 
2,700 
1,300 
1, 100 

500 
1,  000 
7,800 
3,400 
2,600 
2,000 
2,800 


Mean. 


2,630 
5,450 
2,820 
2, 960 
2,380 
8,270 

13,  350 
6,  580 
7,140 
6,050 

11,  080 


Total  in  acre- 
feet. 


114,  770 
302,  680 
173,  400 
176, 130 
146,  340 
492, 100 
820,  860 
404,  590 
424,  860 
373,  000 
659,  360 


ilun-ofiF. 


Depth  in 
inches. 


2.28 

7.57 

4.34 

4.40 

3.31 

12.31 

20.52 

10.11 

10.62 

9.30 

16.47 


Second- 
feet  per 
square 
mile. 


3.51 

7.27 

3.76 

3.95 

2.87 

11.03 

17.80 

8.77 

9.52 

8.07 

14.76 

91.31 


RIO   SAX  CARLOS. 

The  Rio  San  Carlos  is  a  wide,  swift  stream,  heading  in  the  high 
mountains  of  Costa  Kica.  From  these  mountains  it  obtains  large 
amounts  of  volcanic  sand,  portions  of  which  become  ground  fine  enough 
to  be  held  in  suspension,  and  great  quantities  are  carried  both  in  this 
way  and  rolled  on  the  bottom  of  the  stream,  especially  in  times  of 
great  floods,  to  which  this  river  is  subject.  Its  drainage  area,  as  meas- 
ured from  the  best  maps  obtainable,  is  1,450  square  miles;  but  this 
must  be  regarded  as  merely  a  rough  approximation,  as  the  country  has 
never  been  even  thoroughly  explored,  much  less  accurately  mapped. 
Above  the  mouth  of  the  San  Carlos  the  San  Juan  is  a  stream  of  com- 
paratively uniform  discharge,  the  greater  portion  of  its  water  coming 
from  Lake  Nicaragua,  which  acts  as  a  very  effective  regulator  of  the 
floods  in  the  basin.  From  the  mouth  of  the  San  Carlos  to  the  foot 
of  Machuca  Rapids  the  San  Juan  is  very  deep,  and  the  current  is  con- 
sequently sluggish.  This  portion  is  called  the  Aguas  Muertas,  or  dead 
waters.  It  frequently  happens  that  the  San  Carlos  is  in  flood,  and  the 
large  volume  of  water  affects  the  water  level  of  the  Aguas  Muertas, 
in  proof  of  which  a  rise  in  the  San  Juan  below  Machuca  Rapids  has 
been  observed  amounting  to  nearly  4  feet  at  a  time  when  the  San  Carlos 
was  in  flood,  while  no  rise  whatever  occurred  above  the  rapids.  The 
large  quantity  of  material  carried  by  the  San  Carlos  has  built  a  delta 
at  its  mouth,  so  that  it  flows  to  the  San  Juan  through  two  channels 
around  a  deltaic  island,  and  from  its  mouth  to  the  sea  the  bottom 
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of  the  San  Juau  is  covered  with  moving  sands  brought  in  by  the  San 
Carlos. 

A  station  was  established  on  the  San  Carlos  about  3  miles  above 
its  mouth  on  January  10,  1898.  The  gage  consists  of  a  pine  board 
painted  white  and  graduated  to  feet  and  tenths  from  zero  to  15  feet, 
the  reading  being  continued  on  another  board  fastened  to  another  tree 
a  short  distance  downstream  and  higher  up  on  the  bank.  A  five- 
eighths-inch  steel  cable  was  placed  across  the  river  at  this  point,  upon 
which  traveled  a  gaging  car  from  which  measurements  were  made. 

In  times  of  high  water  the  stream  is  so  swift  that  it  is  difficult  to 
make  the  meter  sink  to  the  desired  point  in  the  stream,  the  tendency 
of  the  meter,  in  spite  of  heavy  lead  weights,  being  to  drift  downstream 
and  rise  to  the  surface,  under  the  joint  influence  of  the  current  and  the 
suspending  wire.  To  overcome  this  difficulty  another  and  smaller 
cable  was  thrown  across  the  river,  about  200  feet  above  the  main  cable, 
which  carried  a  small  pulley  block.  To  this  pulley  a  cord  was  fastened, 
and  the  other  end  was  attached  to  the  meter  cord  just  above  the  meter. 
This  prevented  the  instrument  from  drifting  downstream,  and  a  heavy 
lead  sinker  would  carry  it  to  any  desired  depth,  where  it  could  be  held 
without  difficulty.  A  sediment  trap  was  also  employed  at  this  station, 
suspended  from  the  cable  when  in  operation. 

A  bench  mark  was  made  by  driving  a  spike  into  a  large  root  of  the 
tree  used  as  a  cable  support,  which  stood  out  from  the  tree  like 
an  abutment.  The  bench  mark  is  30.74  feet  above  zero  of  the  gage. 
The  high  water  occurring  from  the  second  to  the  eighth  of  January 
scoured  out  the  channel  of  the  river  somewhat,  so  that  a  separate 
rating  table  has  been  made  for  January  and  another  for  the  months  of 
February,  March,  April,  and  May;  still  another,  somewhat  different, 
is  used  from  the  first  of  June  for  the  balance  of  the  season. 

List  of  discharge  measurements  made  on  Bio  San  Carlos  3  miles  above  its  mouth. 


Date 

1898 

Jan. 

27 

Jan. 

29 

Jan. 

31 

Feb. 

2 

Feb. 

4 

Feb. 

5 

Feb. 

10 

Feb. 

11 

Mar. 

12 

Apr. 

6 

Hydrographer. 


R.  Breese 
....do  .. 
....do  .- 
....do  .. 
....do  .. 

do  .. 

....do  .. 
....do  .. 
....do  .. 
....do  .. 


Meter 
num- 
ber. 


65 
65 
65 
65 
65 
65 
65 
65 
65 
65 


Gage 
height. 


Feet. 

12.63 

13.17 

12.75 

16.  37 

17.87 

19.00 

14.59 

14.19 

12.22 

13.10 


Area  of 
section. 


Sq.feet. 

2,897 
3,529 
3,076 
5,509 
6,  503 

(c) 
4,380 
3,642 
2,372 
3,092 


Mean 
velocity, 


Feet  per 
second. 

3.26 
3.57 
3.37 
4.00 
4.27 

(c) 
4.59 

3.34 

2.88 

3.01 


Discharge. 


Sec-feet. 

9,445 

12,  602 

10,  352 

a  22,  208 

&  27,  782 

(c) 

14,  890 

12,  201 

6,  834 

9,331 


aRising. 


6  Rising  rapidly. 


c  Battery  failed. 
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List  of  discharge  measurements  made  on  Bio  San  Carlos  S  miles  above  its  mouth — Cont'd. 


Date. 


1898. 

Apr.  21 

May  13 

May  14 

May  17 

May  20 

June  20 

June  22 

June  24 

June  27 

June  29 

June  30 

July  4 

July  6 

July  10 

July  13 

July  22 

July  26 

July  30 
Aug. 
Aug. 
Aug. 


Aug. 


Aug.  14 
Aug.  22 
Aug.  28 
Sept.  8 
Sept.  10 
Sept.  14 
Sept.  22 
Oct.  4 
Oct.  18 
Oct.  20 
Nov.  14 
Nov.  17 
Nov.  19 
Nov.  28 
Dec 
Dec 
Dec 
Dec.  27 
Dec.    31 


Hydrographer. 


15 
19 
21 


R.  Breese 

R.  C.  Wheeler. 

.....ao 

do 

do 

H.  S.  Reed... 
do 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
-do 
.do 
-do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


Meter  i     ^ 


65 
65 
1^5 
65 
65 
65 
65 
65 
65 
65 
Q^ 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 
65 


Feet. 

11.40 

11.03 

11.18 

11.58 

13.69 

14.39 

13.72 

16.73 

18.55 

17.26 

15.57 

14.85 

15.05 

20.  33 

15.43 

13.88 

13.20 

13.53 

12.94 

15.70 

15.  20 

15.27 

15.93 

14.56 

13.89 

12.60 

12.48 

14.47 

14.32 

12.17 

16.69 

16.07 

18.10 

20.11 

16.42 

13.90 

13.55 

12.  90 

12.60 

12.20 

11.94 


Area  of       Mean 
section,    velocitj-, 


Sq 
1 
1 
1 
1 

3 
3 
3 
5 

7 

6 
4 
4 
4 
8 
4 
3 
3 
3 
2 
4 
4 
41 
5 
3 
3 


feet. 
,800 
,615 
,736 
,990 
,  557 
,846 
,360 
,503 
,227 
,001 
,787 
,303 
,469 
,929 
,761 
,520 
,  036 
,310 
,820 
,873 
,499 
,544 
,114 
,952 
,579 
,781 
,830 
,039 
,940 
,600 
,472 
,  190 
,880 
,579 
,  766 
,576 
,428 
,875 
,592 
,260 
,195 


Feet  per 
second. 

2.85 

2.56 

2.61 

2.61 

3.12 

3.42 

3.18 

3.71 

4.08 

3.67 

3.50 

2.97 

3.24 

4.31 

3.31 

3.04 

2.88 

2.94 

2.94 

3.50 

3.30 

3.33 

3.27 

3.17 

3.01 

2.83 

2.75 

3.08 

3.21 

3.11 

3.79 

3.52 

3.78 

3.76 

3.32 

2.96 

3.03 


Discharge. 


Sec 

5 

4 

4 

5 

11 

13 

10 

20 

29 

22 

16 

12 

14 

38 

15 

10 

8 

8 
17 
14 
15 
16 
12 
10 


2. 

92 

2. 

91 

2. 

85 

2. 

51 

7 

12 
12 

8 
20 
18 
23 
32 
19 

10 
10 
8 
7 
6 
5 


■feet. 
,130 
,139 
,526 
,187 
,096 
,156 
,672 
,414 
,480 
,009 
,762 

;,800 

,464 
,506 
,763 
,700 
,746 
,844 
,296 
,074 
,824 
,112 
,730 
,434 
,781 
,851 
,791 
,436 
,652 
,185 
,714 
,275 
,030 
,265 
,120 
,570 
,385 
,504 
,543 
,431 
,505 
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Estimated  monthly  discharge  of  Bio  San  Carlos  3  milen  above  its  mouth, 
[Drainage  aiea,  approximately,  1,450  square  miles.  ] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


1898. 

January  10-31 28,  000 

February  34,300 

March  11,340 

April  10,080 

May 11,880 

June 32,250 

July 41, 600 

August '  17,100 

September 14.200 

October 32,  500 

November 32,260 

December 19,  920 


10,  560 
7,400 
5,140 
4,220 
4,100 
5,200 
8,400 
8,800 
7,420 
8,180 
9,680 
5,850 


Mean. 


16,  055 

13,  530 
7,030 
6,038 
5,560 

10,  720 

14,  094 
10,  990 
10,  320 
12,  880 

15,  440 
9,290 


Total  in  acre- 
feet. 


700, 582 
751,  380 
432,  260 
359,  285 
341,  870 
637,  880 
866,  600 
675,  750 
614,  023 
791,  960 
918,  750 
571,  220 


Run-off. 


Depth 
in  inches. 


9.09 

9.68 

5.53 

4.69 

4.38 

8.26 

11.18 

8.76 

7.92 

10.26 

11.88 

7.38 


Seoond- 

feet  per 

square 

mile. 


11.1 
9.3 
4.8 
4.2 
3.8 
7.4 
9.7 
7.6 
7.1 
8.9 

10.6 
6.4 


OCliOA    STATION    ON   RIO    SAN  JUAN. 


One  of  the  most  important  as  well  as  most  disputed  points  regarding 
bydrograpbie  knowledge  in  Nicaragua  is  tbe  discbarge  of  tbe  Kio  San 
Juan  at  Ocboa,  wbere  it  is  proposed  to  build  a  bigb  dam.  A  station 
was  establisbed  bere  on  December  30, 1897.  A  vertical  pine  gage  was 
fastened  to  an  overbanging  pine  tree  on  tbe  rigbt  bank  and  was  grad- 
uated to  feet  and  tentbs  to  15  feet,  and  continued  upward  on  anotber 
plank  fastened  on  tbe  same  tree. 

A  standard  copper  bencb  mark  of  tbe  United  States  Geological  Sur- 
vey was  establisbed  on  tbe  rigbt  bank  near  tbe  tree  wbicb  bears  tbe 
gage.  It  is  a  copper  plate  placed  borizontally  on  top  of  a  stump,  witb 
its  stem  driven  into  an  auger  bole  in  tbe  stump.  It  is  28.10  feet  above 
tbe  zero  of  tbe  gage.  Tbe  cbannel  at  tbis  point  is  straigbt  and  tbe 
bottom  is  reasonably  permanent. 

For  purposes  of  current-meter  measurements  it  was  not  permissible 
to  extend  a  cable  above  tbe  river  at  tbis  i)oint,  on  account  of  navigation. 
It  was  first  intended  to  make  measurements  by  means  of  a  boat  ancbored 
to  a  small  cable  stretcbed  across  tbe  river,  wbicb  sbould  carry  tags  indi- 
cating distances  from  tbe  initial  point,  wbicb,  wben  not  in  use,  was  to  be 
beld  against  tbe  bottom  of  tbe  river  by  means  of  sinkers.  Experience 
on  tbis  line,  bowever,  soon  demonstrated  tbat  it  would  be  difficult,  if 
not  impracticable,  to  maintain  a  small  cable  in  tbe  position  proposed  on 
account  of  tbe  large  quantities  of  driftwood,  leaves,  and  brusb  passing 
down  tbe  river — especially  in  times  of  flood,  wben  tbe  gaging  appara- 
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tus  would  be  most  in  demand.  Another  project  was  therefore  inaugu- 
rated, which  was  the  anchorage  of  a  number  of  buoys  at  short  distances 
from  the  initial  point,  said  buoys  to  be  constructed  of  "balsa,"  a  very 
light,  bulky,  endogenous  wood  much  used  in  the  construction  of  rafts, 
etc.  This  method  of  marking  distances  from  the  initial  point  was  suc- 
cessfully employed  for  several  months  during  the  season  of  low  water, 
but  as  the  rains  increased  and  freshets  began  to  come  down  the  river 
the  great  quantity  of  leaves  and  brush  carried  by  the  water  attached 
themselves  to  the  buoys  and  their  anchorages  until  they  were  either 
carried  beneath  the  surface  of  the  river  or  washed  away  entirely.  The 
final  method  permanently  adopted  required  the  emi)loynient  of  an  addi- 


Sec.-ft 


70,  000 


60, 000 


50, 000 


40, 000 


30, 000 


-  20,000 


10,  000 


Fig.  221.- 


-Uiasram  of  daily  discharge  of  llio  Sau  Juan  at  Sabalos  and  at  Oclioa,  aud  of  Kio  Sau  Carlos 

3  miles  above  its  mouth. 


tional  instrument  man  to  manipulate  a  telescope  on  shore  and  measure 
the  distance  of  the  boat  by  means  of  a  stadia  rod  during  the  process  of 
gaging. 

The  highest  measurement  of  discharge  yet  made  at  this  point  was  on 
November  17,  at  a  gage  height  of  17.43  feet,  when  the  river  was  dis- 
charging 104,930  cubic  feet  per  second.  At  this  stage  the  river  was 
about  8.5  feet  below  the  flood  plain  at  Ochoa,  the  formation  of  which 
indicates  that  it  is  sometimes  overflowed. 

Dr.  C.  W.  Hayes,  geologist  of  the  Nicaragua  Canal  Commission, 
expresses  the  opinion  that  this  flood  plain  is  at  intervals  of  ten  to  thirty 
years  covered  by  the  floods  of  the  Eio  San  Juan  to  a  depth  of  more  than 
(5  inches,  but  less  than  3  feet.  In  other  words,  maximum  gauge  readings 
of  26.5  to  29  may  be  expected  with  moderate  frequency  at  Ochoa  station. 

Plotting  all  observations  of  discharge  so  far  taken  as  abscissas,  with 
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correspouding  gage  heights  as  ordinates,  we  obtain  a  curve  indicating 
the  relation  of  gage  height  to  discharge,  showing  that  the  ratio  of 
increase  of  discharge  to  increase  of  gage  height  is  not  constant.  The 
curve  is  concave  downward,  tending  toward  a  horizontal  position,  show- 
ing that  the  increase  of  discharge  lor  increase  of  gage  height  is  greater 
at  high  stages  than  at  low  stages;  but  above  a  medium  stage  of  the 
river  the  line  curves  but  slightly  and  though  the  concavity  is  still  down- 
ward, the  curve  approaches  a  straight  line;  or,  in  other  words,  the  ratio 
between  gage  height  and  discharge  approaches  constancy.  If  we 
assume  as  constant  the  direction  given  to  the  line  by  the  higher  meas- 
urements, and  continue  it  upward  as  a  straight  line,  we  obtain  as  tlie 
discharge  corresponding  to  a  gage  height  of  28  feet  about  200,000 
cubic  feet  per  second.  If  any  curvature  be  given  the  extrapolated  i)or- 
tion  of  the  curve  it  will  increase  this  amount. 

If  the  same  course  of  reasoning  be  applied  to  the  flood  plain  on  the 
Rio  San  Carlos,  we  hnd  that  its  maximum  discharge  must  be  about 
100,000  cubic  feet  per  second.  Similarly  it  may  be  shown  by  extrapo- 
lating the  curve  discharge  of  tlie  Rio  San  Juan  at  Fort  San  Carlos 
that  at  the  stage  of  110  feet  above  sea  level  the  lake  must  have  dis- 
charged nearly  40,000  cul)ic  feet  per  second. 

When  tlie  measurement  of  November  17  was  made,  giving  a  dis- 
charge at  Ochoa  of  104,208  second-feet,  the  Rio  San  Carlos  was  dis- 
charging only  32,265,  leaving  72,663  as  the  amount  coming  down  the 
San  Juan  proper,  of  which  probably  not  more  than  28,663  were  flowing 
from  the  lake,  leaving  44,000  to  be  supplied  by  the  small  tributaries 
between  the  lake  and  Boca  San  Carlos.  With  such  an  indicated  dis- 
chaige  it  would  not  be  excessive  to  assume  a  maximum  for  these  tribu- 
taries of  60,0(H)  cubic  feet  per  second,  and  we  have  the  maximum  flood 
at  Ochoa  made  up  as  follows: 

Sec-feet. 

Maximum  Rio  San  Carlos 100,  000 

Maximum  discharge  from  lake 40,  000 

Maximum  small  tri  butaries 60,  000 

Maximum  at  Ochoa 200,  000 

The  highest  observed  discharge  of  the  Sarapiqui  River  is  30,000  cubic 
feet  per  second.  It  is  probable  that  the  extreme  maximum  is  not  much 
less  than  70,000  cubic  feet  per  second.  The  Machado,  San  Francisco, 
Tamborcito,  and  San  Juanillo,  and  a  large  number  of  lesser  creeks 
contribute  a  large  aggregate  in  time  of  flood,  so  that  it  is  probable  that 
at  rare  intervals  the  increment  to  the  waters  of  the  San  Juan  below 
Ochoa  may  amount  to  100,000  cubic  feet  per  second.  Such  an  occur- 
rence coincident  with  extreme  flood  conditions  above  Ochoa,  would 
make  a  total  of  300,000  cubic  feet  per  second  discharging  into  the 
Caribbean  through  the  various  mouths  of  the  San  Juan. 
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List  of  discharge  measurements  made  on  Rio  San  Juan  at  Ochoa. 


Date. 


1898, 
Jan. 
Jail. 
.Jan. 
Feb. 
Feb. 
Feb. 
Mar. 
Mar. 
Apr. 
Apr. 
Ai)r. 
May 
June 
Juno 
June 
June 
June 
July 
July 
July 
July 
July 
July 
Aug. 
Aujjc. 
Aug. 
Sept. 
Sept.  12 
Sept.  16 
Sept 
Oct. 
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec, 


8 
12 
27 
8 
16 
28 
10 
19 
1 

14 

27 

10 

4 

17 

23 

26 

28 

8 

11 

16 

19 

25 

28 

1 

3 

7 

3 


Hydrographer. 


26 
1 

17 
18 
8 
13 
17 
19 
30 
12 
19 
22 
28 

I 


Meter 
num- 
ber. 


G.  R.  Wadl  ei  gh 1 985 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

A.  P.  Davis  .  - 


1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1894 


G.  R.  Wadleigh 1985 


do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

H.  S,  Reed. 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  ... 


do 

•  do 

.do 

do 


1985 

1985 

1985 

1985 

1985 

1985 

1985 

1985 

1985 

65 

6') 

65 

65 

65 

65 

65 

65 

65 

65 

65 

65 

65 

65 

65 

65 

65 


Gage 
height. 

Area  of 
section. 

Feet. 
11.94 

Sq.feet.  i 
13,  100  1 

9.87 

11, 

940 

8.30 

9, 

906 

9.78 

10, 

916 

7.65 

8, 

966 

7.40 

8, 

602 

6,73 

8, 

132 

5.95 

7 

703 

5.35 

7 

225 

5.73 

7 

359 

4.99 

6 

728 

4.30 

5 

654 

5.41 

6 

637 

6.64 

7 

794  i 

9,68 

10 

922 

11.13 

11 

994 

12,91 

14 

,462 

11,52 

13 

,418 

12,42 

14 

,438  J 

9.12 

11 

211 

10.53 

12 

586 

8.96 

9 

782 

9,56 

10 

,506 

8.68 

9 

,826 

10,21 

11 

,094 

9.42 

10 

,359 

7,85 

8 

,938 

9,38 

10 

336 

12.02 

12 

,761 

9,43 

9 

,895 

8.52 

8 

,815 

8,88 

9 

,026  : 

11,79 

12 

,076 

9.77 

10 

,800 

14.05 

14 

,171 

17,43 

19 

,717 

13.00 

14 

,734 

10.89 

12 

,057 

11,02 

12 

,069 

9.28 

10 

,872 

8,60 

10 

,286 

8.10 

9 

,565 

8,25 

9 

,767 

Mean 


Feet  per 
second. 


06 
67 
33 
75 
29 
21 
07 
89 
91 
3.03 
2.72 
2.86 
3.08 
3.34 
3.88 
3.88 
4.25 
3.86 
3.80 
3.32 
3.66 
3.78 
3.97 
3.56 
3.84 
3.63 
3.68 
4.00 
4.47 
4,24 
3.97 
4.44 
4,85 
4.40 
5.59 
5.32 
4,53 
4,39 
4.23 
3.89 
3.88 
3.71 
3,80 


Sec 
52 
43 
33 
40 
29 
27 
24 
22 
21 
22 
18 
16 
20 
26 
42 
«46 
a6l 
bol 
55 
37 
46 
36 
39 
35 
42, 
37 
32 
41 
57 
41 
34 
40 
58 
47 
79 
104 
66 
52 
51 
41 
39 
35 
37 


■feet. 
,400 
,8.30 
,050 
,913 
,458 
,600 
,974 
,270 
,017 
,327 
,291) 
,  145 
,461 
,066 
,350 
,529 
,410 
.821 
,089 
,213 
,098 
,940 
,832 
,980 
,  640 
,647 
,984 
,199 
,047 
,975 
,971 
,087 
,620 
,472 
,210 
,  930 
,  800 
,850 
,  042 
,904 
,  859 
,452 
,089 


a  Falling. 


6  Rising. 
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Estimated  monthly  discharge  of  Rio  San  Juan  at  Ochoa. 


Month. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August 

September 
October ,.. 
November . 


Discharge  in  second-feet. 


Maxi- 
mum. 


1898. 

75, 200 
58,  530 
30,  650 
40, 380 
34,  880 
60, 180 
78,  050 
54, 100 
54, 100 
07,  625 
107,  000 
December '     65,000 


Mini- 
mum. 


32,  240 
26, 080 
20, 140 
17, 290 
16,300 
18, 890 
35,  540 
32,  020 
30,  920 
34,  600 
37,  080 
32,  790 


Mean. 


45,250 
35,  400 
23,  800 
21, 150 
19,640 
33, 140 
46,  810 
37,  230 

39,  530 
42,  200 
51, 890 

40,  850 


Total  for  month 
in  acre-feet. 


2,  782,  300 
1,  966, 000 
1,  463, 400 
1,  258, 510 
1,  207,  600 

1,  971,  970 

2,  878,  200 
2,  289,  200 
2,  352,  200 
2,  5^4,  800 
3, 087,  670 
2,511,770 


MACHADO    RIVER. 

The  observer  of  Ochoa  albo  made  occasional  measurements  of  dis- 
charge ot  the  Machado  Kiver,  which  are  given  below: 

List  of  discharge  measurements  made  on  Machado  River,  2  miles  above  its  mouth. 


Date. 


1898. 
Mar. 
Mar. 
Apr. 
Apr. 
Mar. 
June 
June 
June 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 


2 
16 

2 

6 
27 

3 

20 
30 

9 
14 
21 

3 

5 
13 
17 
19 


Hydrographer. 


G.  A.  Wadleigh 
do 


do 

do 

do 

do 

do 

.do 

do 

do 

do 

do 

do 

G.  H.  Williams 

do 

do 


Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

Sq.feet. 

Feet  per 
second. 

1985 

5.34 

244 

0.59 

1985 

5.10 

212 

0.57 

1985 

4.90 

221 

0.46 

1985 

7.87 

400 

1.28 

1985 

5.20 

229 

0.60 

1985 

6.32 

293 

0.94 

1985 

7.56 

363 

0.76 

1985 

7.72 

253 

1.12 

1985 

9.22 

344 

1.34 

1985 

7.11 

230 

1.06 

1985 

8.86 

312 

1.37 

1985 

7.41 

233 

1.15 

1985 

6.88 

203 

1.02 

1985 

7.06 

212 

1.09 

1985 

6.74 

201 

1.02 

1985 

6.44 

185 

0.92 

Discharge. 


Sec. -feet. 

144 

121 

102 

514 

137 

276 

277 

a  284 

a  4.62 

a  244 

a  428 

267 

208 

233 

206 

170 


a  New  station,  1  mile  above. 
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List  of  discharge  measurements  made  on  Machado  Rivery  2  miles  above  its  mouth — Cont'd. 


Date. 


1898 
Sept. 
Sept. 
Oct. 
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 


5 
24 

6 
11 
19 

7 
15 
21 
29 

7 
17 
27 
31 


Hydrographer. 


G.  H.  Williams 

do 

do 

do 

do 

C.  Hayman..  .. 
do 


.do 
.do 
.do 
.do 
.do 
.do 


Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

Sq.  feet. 

Feet  per 
second. 

65 

5.30 

226 

0.65 

65 

6.30 

167 

1.02 

65 

6.34 

163 

1.06 

65 

5.83 

145 

0.89 

65 

6.08 

153 

0.87 

65 

5.48 

132 

0.79 

65 

6.18 

160 

0.87 

65 

6.80 

196 

1.11 

65 

7.67 

250 

1.37 

65 

7.05 

213 

1.31 

65 

6.74 

190 

1.09 

65 

5.60 

143 

0.79 

65 

5.73 

146 

0.87 

Discharge. 


Sec-feet. 

a  148 

&170 

172 

128 

133 

6104 

&139 

6  218 

6  343 

6  279 

6  208 

6113 

6  127 


a  Lower,  or  old  station. 


6 Upper  station. 


DANTA    RIVER. 


This  stream  is  the  outlet  of  the  Florida  Lagoon,  and  flows  into  Eio 
San  Jiiaii  about  a  mile  abovfe  the  mouth  of  the  San  Francisco.  Its 
channel  is  narrow  and  deep,  and  contains  considerable  fallen  timber, 
but  is  not  subject  to  sudden  changes  of  cross  section.  The  current  is 
usually  sluggish,  and  is  sometimes  affected  by  the  stage  of  water  in 
the  San  Juan. 

A  gage  was  established  on  February  28,  about  IJ  miles  above  its 
mouth,  and  the  following  measurements  of  discharge  have  been  made. 

List  of  discharge  measurements  made  on  Danta  River,  1\  miles  above  mouth. 


Date 

• 

1898 

• 

Feb. 

28 

Mar. 

8 

Mar. 

18 

Mar. 

28 

Apr. 

9 

Apr. 

28 

June 

15 

June 

27 

July 

8 

Hydrographer. 


W.  W.Schlecht 
do 


do  .... 

do  .... 

do    ... 

do  .... 

C.  Hayman 

do  .... 

do  .... 


Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

1 

Mean 
velocity. 

Feet. 

Sq.feet. 

Feet  per 
second. 

93 

3.98 

134.0 

1.03 

93 

3.22 

110.5 

0.82 

93 

2.12 

82.3 

0.58 

93 

2.97 

102.1 

0.86 

93 

4.23 

148.0 

1.07 

93 

2.24 

76.0 

0.70 

93 

3.65 

80.4 

1.31 

93 

7.45 

303.0 

1.08 

93 

6.17 

195.0 

0.82 

Discharge. 


Sec-feet. 

138.0 
91.0 
47.0 
87.8 

158.7 
53.0 

106.0 
32.8 

161.0 
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List  of  discharge  measurements  made  on  Dante  River,  1^  miles  ahore  month — Coutiuued. 


Date. 


1898, 
July 
July 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
Oct. 
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 
Dec. 
Dec. 


19 
28 

8 
18 
28 

8 
27 

8 
18 
29 

7 
18 
28 

8 
17 


Hy(lrogiai)her. 


C.  Hayman 

do 

do 

do 

do 

do 

do 

A.  Ahrling 

do 

do 

do 

do 

do 

do 

do 


Meter 
num- 
ber. 


93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 


'Gage 
height. 


Feet. 
5.11 
5.28 
4.63 
4.48 
4.21 
3.55 
5.  08 
3.73 
5.65 
5.19 
4.01 

11.60 
7.18 
4.75 
5.99 


Area  of  \     Mean 
section,     velocity. 


Sq.feet. 

151.0 
165.0 
147.0 
135.0 
125.0 
94.0 
162.0 
108.0 
188.0 
156.  0 
115.0 
432.0 
231.0 
142.0 
193.0 


Feet  per 
second. 

0.59 

0.90 

0.80 

0.90 

0.84 

0.64 

0.60, 

0.53 

0.12 

0.33 

0.36 

1.27 

0.82 

0.58 

0.37 


Discharge. 


Sec. -feet. 

94.0 

149.0 

118.0 

121.0 

104.  0 

60.0 

98.0 

57.0 

a  23.0 

52.0 

42.0 

549.0 

190.  0 

82.0 

71.0 


a  Backwater  from  San  Juan. 


RIO    SAN    FRANCISCO. 


The  canal  company's  project  provides  for  the  construction  of  large 
embankments  across  the  valleys  of  the  Limpio,  Chanchos,  Nicholson, 
San  Francisco,  and  Danta,  and  involves  the  control  of  these  streams 
during  construction,  and  the  receiving  of  their  discharge  into  the 
canal  after  completion.  A  knowledge  of  their  volume  and  fluctuations, 
as  well  as  of  the  rainfall  of  the  region,  is  therefore  necessary. 

The  Kio  San  Francisco  has  its  source  on  the  southwestern  slope  of  the 
range  of  hills  known  as  the  eastern  divide,  north  of  the  Rio  San  Juan. 
Its  ])rincipal  tributary  is  the  Chanchos  River,  which  in  turn  receives 
the  waters  of  the  Limpio  River.  The  valley  of  the  Saii  Francisco  is 
crossed  by  the  proposed  upper  line  of  the  canal,  which  follows  for  a  con- 
siderable distance  the  valleys  of  the  Chanchos  and  Limpio.  The  drain- 
age area  has  never  been  definitely  outlined,  and  only  meager  information 
exists  as  to  its  extent.  It  is  estimated,  however,  at  about  65  square 
miles.  The  maximum  discharge  yet  observed  for  the  San  Francisco 
above  the  confluence  of  Nicholson  Creek  and  the  Chanchos  River  is 
866  cubic  feet  per  second.  A  discharge  of  888  cubic  feet  i)er  second 
has  been  observed  for  the  Chanchos  and  100  for  Nicholson  Creek. 
This  would  indicate  a  maximum  during  the  time  of  observation  of 
something  less  than  2,000  for  the  San  Francisco  at  its  mouth.  A  rough 
tentative  estimate  based  upon  these  figures  and  upon  the  greatest 
rainfall  probable  in  this  country  would  place  the  extreme  maximum 
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discliarge  which  cau  occur  at  the  mouth  of  the  San  Francisco  as  con- 
siderably less  than  4,000  cubic  feet  per  second.  The  certainty  that 
this  figure  is  ample  is  greatly  strengthened  by  the  nature  of  the  lower 
l^ortion  of  the  San  Francisco  drainage  basin,  which  includes  a  large 
area  of  perfectly  flat  land  that  would  be  flooded  in  case  of  a  discharge 
of  3,000  cubic  feet  per  second  in  the  San  Francisco  and  that  would  act 
as  a  storage  basin  for  floods  exceeding  that  amount  until  they  could  be 
discharged  through  the  channel  of  the  river. 

On  January  2  a  station  was  established  near  the  line  of  the  proposed 
canal  on  the  Kio  San  Francisco,  about  2  miles  by  the  river  above  the 
crossing  of  the  embankment  line,  and  above  the  mouth  of  Canyon 
Surprise. 

On  February  27  a  gage  rod  was  placed  in  the  river  at  the  crossing  of 
the  embankment  line,  and  thereafter  observations  were  taken  at  this 
l)oint,  Avhich  is  below  the  mouth  of  Canyon  Surprise.  The  channel  is 
narrow  and  deep,  is  composed  cf  hard  clay  and  is  not  subject  to  rapid 
change,  but  it  contains  large  quantities  of  fallen  timber. 

Measurements  are  given  below  for  both  stations;  rating  tables  have 
been  constructed,  and  daily  discharges  estimated  for  both,  which  are 
given  below.  Rainfall  and  hygrometer  observations  have  also  been 
taken. 

List  of  discharge  measurements  made  on  Rio  San  Francisco. 
CENTER   LINE  OF   CANAL. 


Date. 


Hydrojirapher. 


1898. 
Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Mar. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Ai»r. 
Apr. 


19  I 

i 

25  '] 

i 

22 

3 

10 
20 

2 
10 
19 
29 

5 

6 
20 
30 


W.  W.  Schlecht. 

do 

do 

W.  P.  Leary 

do 

do 

W.W.  Schlecht. 
do...-. 


.do 
.do 
.do 
.do 
.do 
.do 


Meter 
num- 
ber. 

Gajie 
height. 

Area 
of  sec- 
tion. 

Feet. 

Sq.feet. 

93 

13.52 

310 

93 

11.97 

228 

93 

15.12 

373 

93 

15.83 

407 

93 

12.75 

264 

93 

10.60 

168 

93 

10.86 

174 

93 

11.78 

217 

93 

9.77 

130 

93 

10.26 

149 

93 

15.90 

397 

93 

16.48 

429 

93 

9.82 

134 

93 

9.36 

113 

Mean 
veloc- 
ity. 


Feet  per 
second. 

1.02 

0.91 

1.19 

1.16 

0.83 

0.74 

0.74 

0.85 

0.61 

0.68 

1.54 

1.32 

0.60 

0.59 


Dis- 
charge. 


Remarks. 


Sec. 
feet. 

319     Upper  station. 


208 

445 

471 

220 

124 

128 

184 

80 

101 

610 

569 

81 

67 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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List  of  discharge  measurements  made  on  Rio  San  Francisco — Coiitiiiiie<l. 

LINE  OF  EMBANKMENTS. 


Date. 

Hydrographer. 

Meter 
num- 
ber. 

Gage 
height. 

Area 
of  sec- 
tion. 

Mean 
veloc- 
ity. 

Dis- 
charge. 

Remarks. 

1898. 
Mar.     2 
Mar.  10 
Mar,  19 
Mar.  29 
Apr.     6 
Apr.  20 
Apr.  30 
May     5 
May     9 
May  12 
May  16 
May  21 
May  25 
May  31 
June    8 
June  11 
June  17 
June  21 
June  25 
July     6 
July  21 
July  30 
Aug.  10 
Aug.  22 
Aug.  31 
Sept.  10 
Sept.  20 
Sept.  26 
Oct.    10 
Oct.    14 
Oct.    20 
Oct.    24 
Oct.    28 
Nov.     1 
Nov.     6 
Nov.  12 
Nov.  14 
Nov.  16 
Nov.  22 
Nov.  27 

W.  W.Schlecht 

do 

93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 

Feet. 
5.99 
6.80 
4.52 
5.21 
11.01 
4.61 
4.09 
6.81 
4.72 
8.17 
5.89 
9.53 
5.79 
5.67 
4.76 
4.60 
5.27 
9.68 
11.70 
11.17 
11.23 
7.66 
8.98 
6.35 
5.61 
5.26 
6.39 
9.47 
6.18 
6.80 
8.10 
8.29 
7.35 
5.95 
5.43 
6.98 
10.87 
12.53 
8.89 
9.22 

Sq.feet. 
171 
213 
114 
141 
431 
116 
96 
213 
115 
250 
144 
346 
148 
147 
108 

Feet  per 
second. 

0.87 

0.97 

0.72 

0.76 

1.28 

0.71 

0.69 

0.99 

0.80 

0.92 

0.84 

1.39 

0.88 

0.83 

0.67 

Sec- 
feet. 

148 

206 

83 
108 
550 

83 

66 
212 

92 
246 
124 
482 
131 
120 

74 

Lower  station. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do.       • 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
'Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

do 

do 

do 

do 

do 

Chas.  Hayman 

do 

do 

do 

...  .do  

do 

do 

do 

..  ..do  

do 

125 
328 
427 
364 
374 
210 
280 
164 
147 
124 
159 
293 
161 
186 
231 
248 
198 
131 
120 
180 
385 
456 
261 
282' 

0.82 
1.06 
1.07 
1.01 
1.27 
1.02 
1.13 
0.87 
0.75 
0.84 
0.70 
1.51 
0.78 
0.88 
0.59 
0.82 
0.59 
0.61 
0.65 
0.67 
0.82 
1.13 
1.00 
1.10 

103 
349 
459 
419 
475 
215 
326 
143 
111 
104 
111 
442 
125 
166 
137 
204 
116 
67 
78 
121 
317 
515 
263 
310 

do 

do 

do 

do 

do 

do 

do 

do 

.   ..  do 

do 

..    .   do       

A.  Abrling 

do 

do 

do 

do 

do    

do 

do 

do 

do 

do 

do 
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Estimated  monthly  discharge  of  liio  San  Francisco  at  line  of  embankments. 


Month. 


1898. 

January  

February  

March 

April  

May 

June 

July 

August 

September 

October 

November 

December  1-28 


Discharge  in  secoi 

Maxi- 

Mini- 

mum. 

mum. 

514 

150 

628 

108 

272 

76 

590 

70 

417 

76 

626 

76 

866 

176 

545 

120 

595 

102 

313 

75 

745 

57 

605 

105 

Mean. 


Total  for 
month  in 
acre-feet. 


314 
251 
127 
128 
148 
239 
407 
236 
220 
162 
279 
233 


19,  310 

13,  941 
7,810 
7,620 
9,100 

14,  220 
25,  025 
14,510 
13,  090 

9,960 
16,  600 
12,  940 


LIMPIO    lUVER. 

On  January  G  a  gage  was  placed  on  tbe  left  bank  of  the  Limpio  abont 
200  yards  above  its  mouth.  It  consists  of  a  vertical  plank  driven  in 
the  bed  of  the  stream  and  spiked  to  a  tree  growing  in  the  bank. 

Three  00-penny  nails  driven  into  the  tree  to  which  the  gage  is  fas- 
tened, and  projecting  about  1  inch,  mark  the  elevation  of  11  feet  above 
datum. 

Current  meter  measurements  were  made  from  the  trunk  of  a  tree 
felled  across  the  river. 

From  January  17  daily  observations  were  taken  at  this  point  until 
February  20,  after  which  observations  were  taken  two  or  three  times  a 
month. 
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List  of  discharge  measKremeiits  made  on  Limpio  Hirer  near  its  mouth. 


Date. 


1898. 
Jan.  21 
Jau.  28 
Feb.  3 
Feb.  11 
Feb.  19 
Mar.  12 
Mar.  23 
Apr.  12 
Apr.  23 
May  14 
Maj^  24 
Jniie  4 
June  14 
June  24 
July  2 
July  13 
July  23 
Aug,  3 
Aug.  13 
Aug.  23 
Sept.  3 
Sept.  14 
Sept.  23 
Oct.  4 
Oct.  13 
Oct.  22 
Nov.  2 
Nov.  12 
Nov.  14 
Nov.  22 
Dec.  3 
Dec.  13 
Dec.    27 


Hydrographer. 


H.S.  Reed 

do 

W.W.Schlecht. 
do 


do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

C.  Hay  man 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 


A.  Abrliug 


do 
do 
do 
do 
do 
do 
.do 
.do 
do 


Meter 
number. 

Gage 
lieight. 

Feet. 

2 

6.20 

2 

4.27 

2 

9.80 

2 

4.76 

2 

3.88 

93 

4.08 

93 

3.35 

93 

4.05 

93 

3.94 

93 

3.80 

93 

3.83 

93 

3.66 

93 

3.72 

93 

3.45 

93 

7.96 

93 

4.11 

93 

5.29 

93 

5.42 

93 

5.04 

93 

4.20 

93 

3.49 

93 

5.02 

93 

7.19 

93 

4.38 

93 

4.17 

93 

4.60 

93 

3.51 

93 

3.93 

93 

5.24 

93 

4.48 

93 

4.60 

93 

5.22 

93 

3.51 

Area  of 
section. 


Sq.feet. 
76 
34 

200 
42 
22 
30 
15 
30 
21 
25 
24 
22 
21 
16 

116 
20 
42 
53 
43 
34 
19 
46 

118 
34 
33 
41 
18 
30 
48 
37 
36 
46 
18 


vifocUy.   Di^el^arge. 


Feet  per 
second. 

1.31 

0.93 

0.39 

0.94 

1.15 

0.99 

1.14 

1.08 

1.05 

0.92 

1.10 

0.95 

0.89 

0.69 

0.52 

1.08 

1.05 

0.76 

1.10 

1.44 

1.28 

0.77 

0.32 

0.51 

0..56 

0.66 

0.88 

0.73 

0.79 

0.78 

1.08 

1.02 

0.88 


Sec. feet. 

100 
32 

a  78 
40 
25 
30 
17 
32 
22 
23 
25 
22 
19 
11 
60 
22 
44 
41 
48 
51 
24 
35 

a  38 
20 
18 
29 
16 
22 
38 
29 
39 
47 
16 


a  Backwater. 
UPPER   STATION   ON   THE   CHANCHOS   RIVER. 

On  January  17  a  gage  was  placed  on  the  right  bank  of  the  Chanchos, 
about  200  yards  above  the  mouth  of  the  Limpio  Eiver.  It  consists  of 
a  vertical  pine  board,  marked  in  feet  and  tenths,  driven  into  the  bed 
of  the  stream  and  spiked  to  a  tree  growing  in  the  bank.     Bench  mark 
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consists  of  three  60-penny  nails  driven  in  the  tree,  to  which  gage 
was  fastened,  at  13-foot  mark,  projecting  about  3  inches.  Gagings  were 
made  by  current  meter  from  the  trunk  of  a  tree  felled  across  the  stream. 
Daily  observations  were  taken  from  this  point  until  February  20,  after 
which  observations  were  taken  two  or  three  times  a  month. 


List  of  discharge  measurements  made  on  Chanchos  River  at  upper  station. 


Date. 

Hydrographer. 

Meter 
Dumber. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Discharge. 

1898. 
Jan.    21 
Jan.    28 
Feb.      5 
Feb.    11 
Feb.    19 
Mar.    12 
Mar.    23 
Apr.    12 
Apr.    23 
May    14 
May    24 
Juue     4 
June  14 
Juue  24 
July      2 
July    13 
July    23 
Aug.     3 
Aug.    13 
Aug.   23 
Sept.     3 
Sept.  14 
Sept.  23 
Oct.       4 
Oct.     13 
Oct.    22 
Nov.      2 
Nov.    12 
Nov.    14 
Nov.    22 
Dec.      3 
Pec.    13 
Dec.    27 

H.  S.  Reed 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

•2 

2 

2 

2 

93 

93 

93 

93 

93 

93 

93 

93 

93 

93 

93 

93 

Feet. 
6.07 
2.65 
8.00 
3.30 
2.26 
2.54 
1.67 
2.48 
2.50 
2.21 
2.34 
1.78 
2.05 
1.92 
6.68 
2.60 
3.87 
4.10 
3.r6 
2.21 
1.78 
3.67 
6.05 
3.13 
2.88 
3.40 
2.00 
2.52 
3.91 
2.94 
3.12 
3.73 
1.89 

Sq.feet. 

243 

90 

334 

115 

70 

80 

50 

78 

78 

66 

76 

46 

52 

53 

243 

73 

121 

136 

112 

64 

46 

113 

230 

100 

91 

105 

55 

76 

115 

84 

92 

109 

54 

Feet  per 
second. 

0.92 

0.48 

0.96 

0.64 

0.53 

0.62 

0.46 

0.60 

0.60 

0.38 

0.64 

0.46 

0.63 

0.55 

1.22 

0.63 

0.75 

0.89 

0.69 

0.65 

0.47 

0.83 

1.13 

0.76 

0.80 

0.94 

0.50 

0.74 

0.95 

0.74 

0.86 

0.92 

0.50 

Sec-feet. 

226 
43 

321 
74 
37 
49 
23 
47 
47 
38 
48 
22 
33 
29 

297 
46 
91 

121 
77 
42 
23 
93 

260 
76 
73 
98 
28 
57 

109 
62 
79 

100 
27 

do 

W.W.  Schlecbt 

do 

do 

do 

do 

do     

do 

C.  Ha3'man 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 
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Estimated  monthly  discharge  of  Chanchos  River  above  the  Limpio. 


Month. 


1898. 


January  17-31 . 
February  1-20. 


Discharge  in  second-feet. 


Maxi- 
mum. 


252 
395 


Mini- 
mum. 


36 
34 


Mean. 


96 
139 


Total  in 
acre-feet. 


2,850 
5,520 


LOWEK   STATION   OX   THE   CHANCHOS   RIVER. 

A  gage  was  placed  on  the  left  bank  of  the  Chanchos,  about  one-half 
mile  above  the  point  where  the  telegraph  line  intersects  the  river.  It 
consists  of  a  vertical  pine  board  driven  into  the  bed  of  the  stream,  and 
spiked  to  a  tree  growing  on  the  bank.  Bench  mark  consists  of  two 
8-penny  nails  driven  into  a  notch  in  a  tree  25  feet  from  the  river  bank,  at 
nearest  point,  and  30  feet  from  gage  rod.  Tree  has  one  smaller  lean- 
ing against  it. 

Measurements  of  discharge  were  made  from  a  huge  tree  trunk  lying 
across  the  river  one-half  mile  upstream  from  the  gage. 

List  of  discharge  measurements  made  on  Chanchos  River  at  lower  station. 


Date. 


1898. 

Jan.  10 

Jan.  20 

Jan.  27 

Feb.  2 

Feb.  10 

Feb.  18 

Mar.  7 

Mar.  17 

Mar.  26 

Apr.  7 

Apr.  16 

May  7 

May  30 

June  8 

June  17 

June  29 

July  7 

July  16 

July  27 


Hj-diographer. 


N.  P.  Leary 

W.  W.  Schlecht 
do 


do 

do  .... 

do  .--- 

do 

do 

do 

do  .... 

do  .... 

C.  Hayman 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 


ureter 
number. 

Gage 
height. 

Area  of 
sectiou. 

Mean 
velocity. 

Feet. 

Sq.  feet. 

Feet  per 
second. 

93 

5.98 

321 

1.26 

St.  2 

2.55 

199 

0.67 

St.  2 

1.82 

167 

0.54 

St.  2 

7.23 

455 

1.48 

St.  2 

3.19 

204 

|0.80 

St.  2 

0.92 

144 

0.33 

93 

1.16 

143 

0.56 

93 

0.35 

125 

0.47 

93 

0.73 

139 

0.48 

93 

2.15 

169 

0.65 

93 

0.16 

123 

0.37 

93 

1.17 

124 

0.57 

93 

0.22 

115 

0.39 

93 

0.05 

94 

0.33 

93 

0.18 

107 

0.31 

93 

5.78 

264 

0.84 

93 

3.70 

201 

0.68 

93 

1.51 

127 

0.40 

93 

3.01 

184 

0.70 

Discharge. 


Sec. -feet. 

404 

134 

90 

674 

162 

48 

80 

58 

67 

109 

46 

71 

45 

32 

33 

228 

138 

51 

130 
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List  of  discharge  measurements  made  on  Chanchos  River  at  lower  station — Continued. 


Date. 


1898. 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
Sept. 
Oct. 
Oct. 
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 


6 

17 
27 

7 

17 
26 

7 
10 
18 
26 

6 
14 
16 
26 

7 
17 
23 


Hydrographer. 


C.  Hay  man 

do  .... 

do  .... 

do  .... 

do 

do  .... 


A.  Alirling 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 


Meter 
number. 

Gage 
height. 

Feet. 

93 

2.46 

93 

2.00 

93 

1.06 

93 

0.55 

93 

2.89 

93 

2.53 

93 

1.03 

93 

1.15 

93 

1.78 

93 

3.74 

93 

0.79 

93 

5.88 

93 

7.43 

93 

2.80 

93 

3.07 

93 

2.90 

93 

0.83 

Area  of 
section. 


Sq.  feet. 
154 
146 
102 

89 
137 
123 
103 

99 
111 
169 

95 
255 
354 
155 
168 
148 

99 


Mean 

velocity, 


Feet  per 
second. 

0.62 

0.46 

0.57 

0.51 

0.47 

0.47 

0.50 

0.53 

0.41 

0.61 

0.36 

0.62 

1.41 

0.72 

0.78 

0.62 

0.47 


Discharge. 


Sec. -feet. 

97 

67 

58 

45 

63 

58 

51 

53 

46 

103 

34 

159 

498 

111 

131 

92 

47 


Estimated  monthly  discharge  of  Chanchos  Hirer  at  line  of  embankments. 


Month. 


1898. 

January  

February  

March 

April 

May 

June 

•Tuly 

August 

September 

October  

November 

December 


Discharge  in  secoi 

Maxi- 

Mini- 

mum. 

mum. 

670 

57 

624 

43 

72 

32 

582 

26 

80 

38 

370 

28 

888 

71 

168 

46 

585 

35 

145 

46 

775 

34 

390 

40 

Mean. 


181 
188 

53 
102 

59 
101 
228 

95 
138 

88 
182 
130 


Total  for 
month  in 
acre-feet. 


11,  130 

10,  440 
3,260 
6,070 
3,630 
6,010 

14,  020 
5,840 
8,  210 
5,410 

10,  830 
7,990 
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NICHOLSON   CREEK. 


Ou  January  17  a  gage  rod  was  placed  in  Nicholson  Creek  a  short 
distance  below  the  telegraph  line,  and  the  following  measurements  of 
discharge  were  made,  which  giv^e  a  fair  idea  of  the  size  of  the  stream 
and  its  fluctuations.  It  will  be  noted  that  the  relation  between  gage 
height  and  its  discharge  is  disturbed  by  backwater  in  the  San  Fran- 
cisco, but  this  does  not  affect  the  accuracy  of  the  measurements  given. 

List  of  discharge  measurements  made  on  Nicholson  Creek  helow  telegraph  line. 


Date. 


1898, 
Jan. 
Jan. 
Feb. 
Feb. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
May 
May 
May 
June 
June 
June 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
Sept. 


Hydrosrapher. 


21 
28 
15 
21 

6 
15 
25 
15 
25 

7 

18 
30 

8 
17 
29 

6 
14 
26 

6 
15 
25 

5 
15 
24 


X.  P.  Leary 

do 

do 

W.W.  Schlecht. 

.....do 

do 

do 

do 

do 

C.  Hayman . 

do 


do 
do 
do 

do 
.do 
.do 
do 
do 
.do 
.do 
.do 
.do 
.do 


Meter 
number. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

Sq./eet. 

Feet  per 
second. 

93 

8.67 

149.0 

0.67 

93 

5.80 

57.0 

0.36 

93 

5.64 

53.0 

0.56 

93 

5.02 

33.9 

0.69 

93 

6.25 

66.8 

0.54 

93 

4.60 

169.0 

0.81 

93 

4.70 

24.  5 

0.85 

93 

4.46 

21.0 

0.82 

93 

4.30 

18.0 

0.74 

93 

5.80 

35.0 

0.66 

93 

4.64 

21.0 

0.72 

93 

4.82 

31.0 

0.65 

93 

4.38 

15.0 

0.64 

93 

4.72 

22.0 

0.62 

93 

9.52 

175.0 

0.48 

93 

9.52 

158.0 

0.45 

93 

6.85 

70.0 

0.36 

93 

7.50 

87.0 

0.49 

93 

6.73 

68.0 

0.61 

93 

8.22 

104.0 

0.42 

93 

5.72 

41.0 

0.52 

93 

4.91 

21.0 

0.54 

93 

7.20 

78.0 

0.32 

93 

8.00 

100.0 

0.38 

Discharge. 


Sec. -feet. 

100.0 
32.0 
30.0 
23.5 
36.0 
13.7 
20.8 
17.0 
13.4 
24.0 
16.0 
20.0 
10.0 
13.0 
84.0 
71.0 
25.0 
43.0 
41.0 
43.0 
22.0 
11.0 
25.0 
38.0 


SARAPIQUI    RIVER. 

The  plan  of  canalizing  the  Rio  San  Juan,  as  sometimes  proposed, 
involves  the  control  of  the  water  of  the  Sarapiqui  Kiver  and  of  the 
sediment  which  it  brings  down  from  the  mountains  of  Costa  Rica. 

On  July  23  a  gage  was  placed  on  the  left  bank  of  this  river  about  5 
miles  above  its  mouth.  It  is  a  vertical  rod,  graduated  to  feet  and 
tenths,  from  zero  to  13  feet,  and  spiked  to  a  tree  which  hangs  over  the 
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river.  Another  rod,  graduated  from  10  to  23  feet,  is  fastened  to  a  tree 
about  300  yards  upstream,  on  the  same  side  of  the  river.  At  this  latter 
place  a  galvanized  steel  cable  is  placed  across  the  river,  from  which 
measurements  of  discharge  are  made  with  the  use  of  a  boat,  and  obser- 
vations of  sediment  carried  are  also  made. 


List  of  discharge  measurements  made  on  Sarajnqui  River  5  miles  above  mouth. 


Date 

• 

1898 

• 

May 

10 

July 

12 

July 

27 

Aug. 

27 

Aug. 

31 

Sept. 

3 

Sept. 

9 

Sept. 

12 

Sept. 

13 

Sept. 

14 

Sept. 

21 

Sept. 

24 

Sept. 

27 

Oct. 

il 

Dec. 

21 

• 

Hydrographer. 


A.  P.  Davis 

do 

G.  R.  Wadleigh  . 

W.H.Smith 

do 

do 

H.W.  Durham... 
do 


Meter 
number. 


.do 

do 

.do 

.do 

.do 

do 

do 


94 
94 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 
1985 


Gage 
height. 


Feet. 


8.84 

8.51 

8.11 

8.25 

7.52 

8.98 

12.  99 

13  06 

8.57 

8.72 

13.02 

11.95 

8.13 


Area  of 
section. 

Sq.feet. 

1,046 

3,686 

2,  238 

1,922 

1,765 

1,823 

1,617 

2,088 

4,294 

4,  054 

1,925 

I,  972 

4,131 

3,388 

1,735 

veYod?y.  I  Discharge. 


Feet  per 
second. 

2.92 

2.65 

2.35 

2.43 

2.28 

2.34 

2.10 

2.38 

3.47 

3.43 

2.37 

2.40 

3.69 

3.42 

2.34 


Sec. -feet. 

3,050 

10,  762 

5,252 

4,677 

4,014 

4,264 

3,399 

4,  974 

14,914 

13,  898 

4,560 

4,730 

15,241 

11,598 

4,053 


I 


Estimated  monthly  discharge  of  Sarapiqui  River  5  miles  above  its  mouth. 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-ort". 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth 
in  inches. 

Second- 
feet  per 
square 
mile. 

1898. 
July  23-31 

5,890 

5,550 

5,890 

8,240 

11,  700 

August  1-5  and  18-31 
iuclusive 

341,  250 
350,  780 
507,  550 
696,  200 

5.82 

5.97 

8.65 

11.87 

5.05 

5.35 

7.50 

10.64 

September 

October 

November 

13,  140 

14,  570 
30,  000 

3,360 
4,100 
4,640 
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TAURA   RIVER. 


The  waters  of  the  Eio  San  Juan  have  two  principal  outlets,  the 
southern  called  the  Colorado  Eiver  and  the  northern  called  the  Lower 
San  Juan.  The  latter  stream  sends  out  another  distributary  which 
empties  into  the  ocean  between  the  two  larger,  and  is  called  the  Taura. 
It  seems,  however,  that  a  portion  of  the  course  of  the  Taura  is,  during 
the  season  of  low  water,  higher  than  the  water  in  the  San  Juan,  and 
becomes  a  tributary  of  the  latter. 

It  was  visited  in  May  6,  1898,  and  was  at  that  time  discharging  25 
cubic  feet  per  second  into  the  San  Juan.  On  the  same  day  the  dis- 
charge of  the  San  Juan  below  the  Taura  was  1,112  cubic  feet  per  sec- 
ond.   The  discharge  at  Ochoa  on  the  same  date  was  16,950  second  feet. 

On  July  13  the  Taura  was  flowing  away  from  the  San  Juan,  and  its 
volume  200  yards  below  its  exit  was  2,234  cubic  feet  per  second.  On 
this  day  the  discharge  of  the  San  Juan  at  Ochoa  was  40,000  cubic  feet- 
per  second. 


DESEADO   RIVEIl. 


This  is  a  small  stream  rising  in  the  ridge  of  hills  known  in  canal  lit- 
erature as  the  ^'eastern  divide." 

According  to  the  company's  location,  the  canal  is  to  follow  the  valley 
of  the  Deseado  for  a  considerable  distance,  and  the  i)lan  involves  tlie 
control  and  diversion  of  the  waters  of  this  stream.  Three  locks  and 
several  high  embankments  are  to  be  constructed  in  this  valley,  and  the 
volume  of  the  river  and  the  amount  of  rainfall  in  this  vicinity  therefore 
become  important  facts,  an  approximate  knowledge  of  which  is  neces- 
sary to  an  intelligent  discussion  of  plans  and  estimate  of  cost.- 

On  the  25th  of  December,  1897,  a  gage  was  placed  in  the  Deseado  at  a 
point  about  5  miles  above  its  mouth,  measured  along  the  course  of  the 
stream;  the  rain  gage  was  also  established  at  this  i)oint,  and  observa- 
tions of  river  height,  rainfall,  temperature,  and  humidity  were  begun 
by  Mr.  W.  M.  Barton. 

Subsequent  measurements  of  discharge  showed  that  no  definite  rela- 
tion could  be  established  between  gage  height  and  discharge  of  the 
stream,  although  the  channel  consists  of  hard  clay  and  is  not  change- 
able. The  erratic  changes  in  velocity  which  the  stream  exhibited  at  this 
j)oint  are  doubtless  due  to  the  fact  that  it  runs  through  swampy  coun- 
try on  a  very  slight  slope.  Though  there  are  no  definite  tributaries 
anywhere  near  the  gaging  station,  yet  heavy  rains  in  the  swamps  serve 
to  back  the  water  in  the  Deseado  if  occurring  below  the  station,  and 
to  accelerate  its  velocity  if  occurring  above. 

On  March  4  observations  of  gage  height  were  begun  some  distance 
above,  at  "Oamp  ^N^umber  7,"  near  the  site  of  the  proposed  Lock  ^o,  1, 
and  the  following  discharge  measurements  were  made  at  that  point,  and 
from  these  a  rating  table  was  constructed  and  the  table  of  discharges 
estimated. 
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List  of  discharge  measurements  made  on  Deseado  River  at  Camp  No.  7. 


Date. 

Hydrographer. 

Meter 
nuinher. 

Ga2:e 
height. 

Area  of 
sectiou. 

Mean 
velocity. 

Discharge. 

1898. 
Mar.      8 
Mar.    12 
Mar.    18 
Mar.    25 
Apr.      1 
Apr.      6 
Apr.     11 
Apr.    18 
Apr.    25 
May      2 
May      9 
May    16 
May    23 
May    30 
June     6 
June    13 
June   21 
July      1 
July      9 
July    15 
Aug.     5 
Aug.    12 
Aug.    17 
Aug.    23 
Aug.    30 
Sept.     9 
Sept.  13 
Sept.  19 
Sept.  23 
Sept.  26 
Sept.  30 
Oct.      7 
Oct.     10 
Oct.     17 
Oct.     21 
Oct.     24 
Oct.     29 
Nov.      7 
Nov.    11 
Nov.    15 
Nov.    19 
Nov.    21 
Nov.    28 
Dec.      2 
Dec.      9 
Dec.    12 
Dec.    16 
Dec.    19 

W.  M .  Barton 

L.  E.  Lannan 

do 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Feet. 
5.60 
5.65 
4.85 
5.56 
4.68 
7.05 
5.06 
4.44 
4.47 
4.88 
4,65 
5.08 
4.83 
4.10 
3.95 
5.08 
4.88 

12.64 
6.78 
5.48 
6.72 
6.85 
3.76 
5.00 
4.58 
4.52 
4.85 
4.09 
5.56 
4.01 
3.64 
4.17 
4.49 
4.05 
3.75 
5.95 
4.32 
4.20 
5.09 
6.08 
8.42 
6.81 

11.98 
7.84 
7.22 
8.22 
6.08 
5.50 

Sq.feet. 
220 
224 
172 
223 
171 
298 
195 
157 
167 
184 
173 
195 
179 
143 
110 
194 
186 
613 
293 
205 
279 
284 
225 
178 
155 
161 
170 
137 
214 
132 
115 
140 
155 
134 
119 
242 
148 
142 
186 
248 
360 
280 
544 
323 
294 
350 
227 
191 

Feet  per 
second. 

0.84 
0.78 
0.41 
0.54 
0.38 
0.80 
0.38 
0.21 
0.30 
0.41 
0.53 
0.51 
0.38 
0.59 
0.45 
0.86 
0.45 
1.30 
0.79 
0.  55 
0.78 
0.79 
0.59 
0.58 
0.61 
0.57 
0.76 
0.39 
0.61 
0.37 
0.37 
0.46 
0.51 
0.28 
0.46 
0.66 
0.46 
0.54 
0.61 
0.76 
0.85 
0.78 
1.13 
0.89 
0.84 
0.93 
0.69 
0.69 

Sec-feet. 

185 

175 

70 

121 

64 

238 

74 

33 

50 

75 

91 

100 

68 

56 

50 

168 

85 

798 

232 

113 

219 

227 

135 

103 

95 

92 

132 

59 

132 

49 

42 

65 

80 

38 

56 

160 

68 

77 

114 

188 

305 

220 

615 

287 

247 

324 

156 

134 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

J.  C.  Elson 

do 

do 

do 

do 

do 

do 

do 

...do    

do 

do 

.do 

do 

...   do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

...   do 

do 

do 

do 

do 

do 

do 

do 

do 

...:.do 
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Estimated  monthly  discharge  of  Deseado  River  at  Camp  No.  7. 


Month, 


1898. 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Discharge  iu  secoi 

Maxi- 

Mini- 

mum. 

mum. 

135 

68 

462 

34 

223 

31 

267 

30 

794 

122 

482 

70 

243 

27 

278 

42 

354 

77 

324 

90 

Mean, 


107 

111 

97 

137 

343 

200 

78 

99 

322 

221 


Total  for 
month  in 
acre-feet. 


6,  579 
6,605 
5,964 
8,150 
21,  090 

12,  300 
4,640 
6,  090 

19, 160 

13,  590 


SEDIMENT   OBSERVATIONS. 


Any  proposition  for  a  sliip  caual  which  involves  the  use  of  the  Eio 
San  Juan  below  the  mouth  of  the  Rio  San  Carlos  requires  for  its  intel- 
ligent consideration  some  idea  of  the  quantity  of  sediment  carried  by 
tbat  stream,  and  if  the  San  Juan  is  to  be  used  below  the  mouth  of  the 
Sarapiqui  the  sediment  carried  by  that  stream  becomes  also  an  impor- 
tant factor.  To  determine  these  quantities  samples  of  water  were 
taken  daily  and  allowed  to  settle,  and  the  sediment  was  measured. 
The  samples  were  obtained  at  not  less  than  a  dozen  places  in  the  river, 
the  water  aggregating  several  gallons,  and  representing  approximately 
the  average  of  the  various  parts  of  the  current.  The  samples  were 
thoroughly  mixed,  and  one  sample  of  100  cubic  centimeters  was  taken 
and  the  rest  rejected.  This  sam])le  was  allowed  to  settle  for  twenty- 
four  hours,  and  the  clear  water  was  i^oured  oft'  and  another  sample 
added  to  the  remainder;  the  clear  water  was  decanted  the  next  day 
and  another  sample  added,  and  so  on,  accumulating  any  sediment  that 
remained,  until  it  became  a  measurable  quantity,  when  its  depth  was 
read  on  the  graduated  glass  in  which  the  settlement  was  made.  This 
reading  gives,  of  course,  only  the  bulk  of  the  loose  mud,  and  not  the 
dry  solid  matter.  The  relation  between  the  mud  and  dry  matter  as 
determined  by  a  series  of  experiments  for  a  similar  puri)ose  made  on 
sediment  from  the  Gila  River,  Arizona,  was  five  parts  of  mud  to  one  of 
dry  material.  This  factor  has  therefore  been  used  in  reducing  the 
results. 

The  taking  of  water  samples  and  measurement  of  sediment  therein 
would  not  furnish  all  the  required  data,  as  these  streams  roll  large 
quantities  of  sand  and  gravel  along  their  beds  which  could  not  betaken 
in   water  samples.     So  far  as  could  be  learned,  no  attempt  at  such 
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measurement  had  ever  been  made,  and  it  was  recognized  as  a  difficult 
task.     Tlie  method  devised  was  as  follows: 

A  galvanized  sheet-iron  pan  was  provided  (see  fig.  222),  1  meter 
square  and  8  inches  deep,  with  one  side  (L)  hinged  so  that  it  could  be 
opened  to  lie  in  the  same  plane  as  the  bottom  of  the  pan,  and  a  weight 
and  stavs  were  provided  to  hold  it  in  tliis  horizontal  position.  Four 
chains  (S),  attached  one  to  each  corner  of  the  top  of  tliepan,  met  about 
4  feet  above  the  pan,  and  united  in  a  ring,  and  the  whole  was  suspended 
from  a  cable  stretched  across  tlie  river  with  the  door  open  and  upstream. 


Fig.  222.— Sediment  trap  ready  for  use. 

An  anchor  was  thrown  about  100  feet  upstream  to  hold  the  pan  firmly 
in  position,  while  it  was  gently  lowered  from  the  cable  by  means  of  a 
rope  from  shore,  working  in  tackle  blocks.  The  pan  was  allowed  to 
settle  firmly  on  the  bottom  and  to  remain  for  a  limited  time,  usually 
one  hour.  The  attempt  is  to  cause  the  minimum  disturbance  of  natural 
conditions  in  the  stream,  and  to  intercept  and  hold  in  the  pan  the  sedi- 
ment traveling  along  the  bottom  in  the  section  it  occupies.  When  it  is 
desired  to  close  the  observation,  a  small  copper  wire  (W)  which  has 
been  fastened  to  the  open  door  and  passed  through  the  ring  above  the 
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pan  is  stoutly  pulled  until  it  raises  the  lid  from  the  bottom  of  the  stream, 
whereupon  the  current  catches  the  lid  and  slams  it  shut,  when  it  is  auto- 
matically fastened  by  a  latch  on  each  side.  Then  by  means  of  a  wind- 
lass on  shore  the  pan  is  hoisted  and  brought  to  land,  and  the  entrapped 
sediment  measured. 

There  is  nothing  about  this  operation  to  increase  the  motion  of  sedi- 
ment along  the  bottom  into  the  pan,  so  it  is  thought  that  results  can 
never  be  too  large.  On  the  other  hand,  some  sand  may  pass  under  the 
edge  of  the  lid  when  the  bottom  of  the  river  at  this  point  is  marred 
with  local  inequalities.  This  is  supposed  to  be  one  cause  of  the  small 
results  on  certain  days,  when  other  observations  immediately  before  or 
after  gave  large  results.  Another  persistent  source  of  error  of  unknown 
magnitude  is  the  washing  out  of  the  sediment  by  the  current  over  the 
weir  (B)  formed  by  the  back  of  the  pan.  To  test  the  importance  of  this 
theoretical  possibility,  a  temporary  partition  was  placed  in  the  pan, 
perpendicular  to  the  current,  and  nearly  as  high  as  the  sides  of  the  pan, 
the  theory  being  that  if  all  sediment  were  stopped  by  the  partition  and 
deposited  in  front  of  it,  that  would  be  good  evidence  that  in  the  absence 
of  the  partition  all  would  be  stopped  by  the  back  of  the  pan,  and  none 
lost.  In  the  first  experiment  more  sediment  was  deposited  behind  than 
in  front  of  the  partition,  and  the  quantity  that  passed  out  of  the  pan  is 
unknown.  This  result  was  essentially  repeated  for  most  of  the  experi- 
ments, showing  conclusively  that  more  or  less  sediment  is  carried  out 
over  the  back  of  the  pan  by  the  scour  which  it  occasions.  It  is  impor- 
tant to  bear  this  fact  in  mind  when  studying  the  results,  for  it  is  cer- 
tain thatthe  results  are  quantitatively  too  small,  and  should  be  regarded 
only  as  showing  that  large  quantities  of  sediment  are  traveling  on  the 
bed  of  the  stream,  and  as  roughly  indicating  the  relative  amount. 

Sediment,  hij  water  samples,  from  Rio  San  Carlos,  1898. 


Month. 

Mud. 

Solid  matter. 

Juue  - 

Cub.  yards. 
705,  000 
1,  636,  000 
778, 250 

Cub.  yards. 
141,  000 
327,  200 
155,  550 

Julv 

August 

Note. — Five  cubic  yards  of  mud  are  assumed  equal  to  1  cixbic  yard  solid  matter. 
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Sediment  carried  on  bottom  hy  Rio  San  Carlos,  Costa  Rica,  1898. 


Month. 

Mean 
per  hour. 

Total 
per  month. 

Month. 

Mean 
per  Lour. 

Total 
per  month. 

iJanuarv   .   . 

Cub.  yards. 

Cub.  yards. 

July 

Cub.  yards. 
7.68 
16.03 
17.22 
18.42 
18.30 
15.10 

Cub.  yards. 
5,714 
11,926 

12,  398 

13,  704 
13,  180 
11,230 

February  

Au<?ust 

September 

October 

November 

December 

1 

March 

April 

Mav  

5.61 
12.91 

5.59 
10.80 

4,174 
9,  295^ 
4,159 

7,776 

June 

Sediment  rolled  along  the  bottom  of  the  Sarapiqui  River,  1898. 


Month. 

Mean 
per  hour. 

Total 
per  month. 

Month. 

Mean              Total 
per  hour,     per  month. 

September 

October 

Cub.  yards. 
1.76 
4.00 

Cub.  yards. 
1,270 
2,970 

November   

1 

December 

Cub.  yards.    Cub.  yards. 
6.  06           4,  360 
12.  20           9,  080 

INDEX. 
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Abilene,  Ivans.,  location  and  elevation  of..       306 

rainfall  at 311,  313 

Adairsville,  Ga.,  location  and  elevation  of. .       177 

rainfall  at 179,181 

Adams,  A.  J.,' work  of 520 

Ainswortli,  Nebr.,  stream  measurements  at  298 
A.jocnapa  Jliver,  Nicaragua,  character  of..  608 
Alabama,  stream  measurements  in  51, 187, 192-195 

Albion,  Nebr..  stream  measurements  at 298 

Albuquerque,  N.  Max.,  location  and  eleva- 
tion of 356 

rainfall  at 357,  359 

Alcovy  River,  Ga.,  water  power  on 167 

Alderson,  W.  Va.,  rainfall  at 51 

stream  measurements  at 51,202,204 

Alexander,  E.  P.,  arbitration  by 574 

Allegheny  River,  Pa.,  measurements  of..   195-197 

jdate  siiowing  view  of  junction  of  Mo- 

nongahela  River  and 196 

drainage  area  of 198 

Alliance,  Nebr.,  location  and  elevation  of..       257 

rainfall  at 260,265 

Alliance,  I'a.,  stream  measurements  at 198 

Alligator  River,  Nicaragua,  character  of..  607 
Alluvium  in  the  Lower  Mississippi  Valley.  352 
Alma,  Colo.,  location  and  elevation  of 257 

rainfall  at 259,  265 

Alnion,  Ga.,  stream  measurements  at 51 

Alston,  S.  C,  stream  measurements  at.  50, 151-152 
Altamaha  River,  map  showing  location  of 

stations  in  basin  of 157 

rainfall  in 158-161 

water  j)owers  in  basin  of 166-168 

hydrography  of 168-169 

measurements  of  tributaries  of.  51, 161, 170-172 
American  Falls,  Idaho,  location  and  eleva- 
tion of 470 

rainfall  at 471,  474 

American  Fork  River,  Utah,  measurements 

of 61,469 

American  River,  Cal.,  measurements  of. . .       526 
Amity  Canal,  Colo.,  plate  showing  views  of      340 
Amity  Land  and  Canal  Companj',  acknowl- 
edgments to 23 

Ammen,  D.,  reference  to 590 

Analyses  of  water  from  Kansas  River 321 

Analysis  of  water  from  "White  River,  Nebr.  254 
Anderson,  S.  C,  location  and  elevation  of. .       158 

rainfall  at 159, 161 

Androscoggin    River,    Me,,   measurements 

of 46,66-72 

plate  showing  views  of 66 

diagram  showing  discharge  of 67 
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Animas  River,  Colo.,  measurements  of 59, 

379,403,411 

diagram  showing  discharge  of 403 

Annapolis,  Md.,  location  and  elevation  of. .       112 

rainfall  at 113, 114 

Ansley,  Nebr,,  location  and  elevation  of .. .       257 

rainfall  at 260.  265 

Antelope  Creek,  Nebr.,  measurements  of..       298 

Antietam  Creek,  Md.,  measurements  of 49, 

120, 121, 122 

diagram  showing  discharge  of 122 

Apalachee  River,  Ga.,  water  powers  on 167 

Apalachicola  Basin,  Ga.,  important  creeks 

and  rivers  in 175-177 

Arana  River,  Nicaragua,  character  of 607 

Arboles,  Colo.,  stream  measurements  at..         58, 

59,  401,  402,  410 

rainfall  at 59 

plate  showing  views  of  gaging  station  at      402 
Arizona,  reservoir  surveys  in 29 

stream  measurements  in 59,406-407 

Arkansas  River,  measurements  of 56-57, 

323-324,  329,  330-339,  342-343 

diagrams  showing  discharge  of 336, 

337, 338, 339,  343 

plates  showing  views  of 324.  340 

map   showing  location    of   stations   in 

basin  of 325 

rainfall  in  basin  of 325-330 

Arkins,Colo.,  stream  measurements  at.  55,  288-289 

plate  showing  views  of  Home   Supply 

dam  near 396 

Arlington,  Nebr,,  stream  measurements  at.      299 

Arnold,  Nebr.,  stream  measurements  at 300 

Arnold,  S.,  work  of 22,  504,  505.  508 

Arrowhead  Reservoir  Company,  aid  by 561 

Arroyo  Seco,  Cal.,  underground  water  from 

Pasadena  Mesa  and  the  bed  of  the.. .  543-549 

Artesian  wells,  investigations  of 44 

Artesian  wells  in  Moxee  Valley,  "Wash 508 

Ash  Creek,  Nebr.,  measurements  of 298 

Asheville,  N.  C.,  stream  measurements  at.  52,  205 
Ashland,  Va.,  geographic  position  of 132 

rainfall  at 133, 134 

Athens,  Ga.,  location  and  elevation  of 1 58 

rainfall  at 160,161 

Atkinson,  Nebr.,  stream  measurements  at. .      299 
Atlanta,  Ga.,  location  and  elevation  of 177 

rainfall  at , 179,181 

Atrato  Canal  routes,  discussion  of 587-588 

Augusta,  Ga.,  stream  measurements  at.. .  50-51, 

160,165 

rainfall  at 51 

Augusta,  Mont.,  stream  measurements  at  . .        53 
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Austin,  Tex.,  references  to  stream  measure- 
ments at 354 

plate  showing  view  of  dam  at 354 

Azuza,  Cal.,  stream  measurements  at 64,  551 

location  and  elevation  of 560 

rainfall  at 561 

B. 

Babb,  C.  C.,work  of 25,478,505 

Bacbmans  Valley,  Md.,  location  and  eleva- 
tion of 111^ 

rainfall  at 112,114 

Bakersfield,  Cal.,  stream  measurements  at       64, 

536-538 

location  and  elevation  of 560 

rainfall  at 561 

Baldwin,  D.  H.,  work  of 594 

Ballentine  Canal,  Idaho,  measurements  of.  486,  487 
Baltimore,  Md.,  location  and  elevation  of. . .       112 

rainfall  at 113, 114 

Bannister,  E.  R.,  aid  by 325 

Barbour,  E.  H.,  work  of 45 

Barnard,  E.  C,  work  of 493-495 

Barton,  E.,  analyses  of  water  by 321 

Barton,  S.,  aid  by 560 

Barton,  W.  M.,  work  of 632 

Battle  Creek,  Idaho,  rainfall  at 60 

stream  measeremeuts  at 60,459-460 

Battle  Mountain,   Nev.,    stream  measure- 
ments at 59,  60 

Battle  Mountain  Canal,  Nev..  estimated  cost 

of 446 

Beach,  C.  "W.,  acknowledgments  to 23 

Bear  Cx'eek,  Colo,,  measurements  of 54, 

263,  284-285 

diagram  showing  discharge  of 285 

Bear  Lake  reservoir  site,  Utah,  settlement 

on 463-464 

Bear  River,  Utah,  measurements  of 60, 

458,  459,  462 

plate  showing  views  of 458 

diagrams  showing  discharge  of 460,461 

Bear   River    Canal,  Utah,   plates  showing 

views  of 462,  468 

Beatrice,  Nebr.,  stream  measurements  at..      298 

Beaver  Creek,  IN'ebr,,  measurements  of 298 

Bedford  City,  Va.,  location  and  elevation  of.      137 

rainfall  at 138,139 

Bell,  Xebr,,  stream  measurements  at 301 

Beloit,  Kana,,  stream  measurements  at 55 

Benkelman  Nebr.,  stream  measurements  at.      302 
Bethlehem,  Pa.,  stream  measurements  at..  86-88 

Beverly,  Kans.,  stream  measurements  at 56, 

312, 313 
Big  Bordeaux  Creek,  Nebr,,  measurements 

of 298 

Big  Cottonwood    Creek,    Nebr.,    measure- 
ments of 254,298 

Big  Goose  Creek,  Wyo,,  measurements  of. .        53 
Bighorn     River,    Wyo.,    stream    measure- 
ments in  basin  of 53,  249 

plate  showing  view  of 250 

Big  Thompson  Creek,  Colo,,  measurements 

of  55, 288-289 

diagram  showing  discharge  of 289 

seepage  measurements  on 289 
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Birdwood  Creek,  Nebr.,  measurements  of..  298 
Bitterroot  River,  Mont,,  measurements  of.  62, 495 

plate  showing  vie  w  of 492 

map   showing    principal    streams    and 

ditches  in  valley  of 492 

plate  showing  view  of  valley  of 492 

irrigation  in  valley  of 492-495 

Blackfoot  River,  Mont.,  plate  showing  view 

of  gaging  station  on 488 

measurements  of 491 

Black  Fork  of  Green  River,  Wyo.,  measure- 
ments of 58, 381-382 

diagram  showing  discharge  of 382 

Black  Hills,  S.  Dak.,  plate  showing  Dakota 

sandstone  in 252 

Blackrock  Harbor,  N,  T.,  stream  measure- 
ments at 224 

Blacksburg,  Va. ,  geographic  position  of 132 

rainfall  at 133, 134 

Black  Warrior  River,  Ala.,  measurements 

of 51, 194-195 

diagram  showing  discharge  of 195 

Blake,  Utah,  rainfall  at 58 

stream  measurements  at . .  58,  378,  379,  387-388 
plate  showing  view  of  Green  River  near.      380 

Blake,  W,  H.,  acknowledgments  to 409 

Blue  Criek,  Nebr,,  measurements  of 298 

Bluefield,  W.  Va.,  location  and  elevation  of.       199 

rain  i  all  at '.  201,  202 

Bluefields,  Nicaragua,  rainfall  at 576 

Blue  Lake  dam,  Cal.,  plate  showing  views 

of 528 

Blue  Ridge,  Ga.,  reference  to  stream  meas- 
urements at 210 

Blue  River.  Kaus.,  measurements  of 56, 

312,  313,  3l6 

diagram  showing  discharge  of 319 

Blue  River,  Nebr..  measurements  of 298 

Boarilman  Creek,  Nebr  ,  measurements  of..      298 

Boca,  Cal,,  stream  measurements  at 59 

Bodarc,  Nebr.,  stream  mea.suiements  at 303 

Boelua,  Nebr,,  stream  measurements  at  . . .       300 

Boggy  Creek,  Nebr.,  measurements  of 298 

Boise,  Idaho,  stream  measurements  at 62, 

473,  474,  483 

location  and  elevation  of 470 

rainfall  at 472,  474 

map  showing  location  of  principal  irri- 
gation canals  between  Caldwell  and.      485 

Boise  River,  Idaho,  measurements  of 62, 

473,  474, 483,  485,  486 

diagram  showing  discharge  of 483 

seepage  measurements  in  valley  of. . .  484-488 

Bon*'  Creek,  Nebr,,  measurements  of 298 

Bonner,  Mont.,  stream  measurements  at...      491 
Boulder,  Colo.,  stream  measurements  at  . . .       54, 

263,  28G-287 

Boulder  Creek,  Colo.,  measurements  of 54, 

263, 286-287 

diagram  showing  discharge  of 287 

Boundary  dispute  between  Nicaragua  and 

Costa  Rica 573-574 

Boyd,  J.  U,,  mentioned 86 

Boy ds  Corners,  N,  Y.,  rainfall  at 82-83 

Bozemau,  Mont,,  location  and  elevation  of.      232 
rainfall  at 233,235 
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Bozeniaii,  Mont.,  plate  showing  method  of 

measuring  Middle  Creek  above 244 

Bradford,  "W.,  mentioned 86 

Brazos  Kiver,  Tex.,  references  to  measure- 
ments of 354 

Breckenridge,    Colo.,   location    and    eleva- 
tion of 375 

rainfall  at 376,  379,  396,  398,  399 

Brito,  Nicaragua,  rainfall  at 578 

stream  measurements  at 594 

diagram  showing  rainfall  at 576 

Broad  River,  Ga.,  measurements  of 51,163 

plate  showing  view  of 154 

water  powers  on 156 

diagram  showing  discharge  of 163 

Broad  River,  N.  C,  plate  showing  view  of 

canal  from 146 

Broad  River,  S.  C,  measurements  of..  50, 151-152 

diagram  showing  discharge  of 152 

Brown,  C.  N.,  work  of 198,214-215,216 

Brown,  G.  W.,  work  of 156 

Brownsville,  Pa.,  stream  measurements  at  196-197 
Bruneau  River,  Idaho,  measurements  of.        62, 

473,  474,  481-482 

diagram  showing  discharge  of 482 

Bryson,  N.  C,  stream  measurements  at.. .  52,  206 

Buchanan,  Va.,  rainfall  at 49 

stream  measurements  at 49, 134, 136 

Buck  Creek,  Nehr.,  measurements  of 298 

Buckingham,  Va.,  geographic  position  of..       132 

rainfall  at 133, 134 

Buel,  E.  D.,  mentioned 86 

Buffalo,  "VVyo.,  stream   measurements  at.        53, 

250-251 
Buffalo  Canal  Company,  acknowledgments 

to 23 

Buffalo  Creek,  Nebr.,  measurements  of 298 

Bull,  J.  A.,  work  of 596 

Burlington   and  Missouri  River  Railroad, 

acknowledgments  to 24 

Burton  Creek,  Nebr.,  measurements  of 298 

Burwell,  Nebr.,  location  and  elevation  of  ..       257 

ra'infall  at 261,  265 

stream  measurements  at 298 

Buttes,  Ariz.,  plate  showing  view  of  dam 

site  at 406 

Butts,  S.  M.,  aid  by 324 

C. 

Cache  la  Poudre  River,  Colo.,  measurements 

of 55,291-292 

general  statements  concerning 290 

diagrams  showing  discharge  of..   291,  292,  293 

plate  showing  view  of 292 

plate  showing  view  of  sky-line  ditch 
diverting  water  from  Laramie  River 

to 292 

Calamus  River,  Nebr.,  measurements  of...       298 

Caldwell,  H.  W.,  aid  by 110 

Caldwell,  Idaho,  map  showing  location  of 
principal  iri'igation  canals  between 

Boise  and 485 

Calhoun  Falls,  S.  C,  rainfall  at 50 

stream  measurements  at 50, 160, 164 

plate  showing  view  o"f  Savannah  River 

at 158 

20   GEOL,  PT  4 41 


Page. 
California,  reservoir  surveys  in 29-31 

stream  measurements  in 63-64,  524-560 

variation  in  rainfall  and  water  supply 

in 524-525,  539 

rainfall  in 560-561 

Callaway,  Nebr.,  stream  measurements  at  .      300 
Calowa  River,  Wash.,  measurements  of. . .  63,  522 

diagram  showing  discharge  of 522 

Camfield,  D.  A.,  work  of 278 

Campbell,  A.  Q.,  reference  to 543 

Camp  Clarke,  Nebr.,  stream  measurements 

at 54, 263,  266,  208-269,  301-302 

Canton,  Ga.,  rainfall  at 51 

stream  measurements  at 51, 189-190 

plate  showing  view  of  Etowah  River  at      188 

Canyon,  Colo.,  stream  measurements  at 56, 

329,  330,  331-336 

plate  showing  view  of  new  diverting 

iamat 324 

location  and  elevation  of 326 

rainfall  at 327,  330 

Cape  Fear  River,  X.  C,  measurements  of. .  50, 145 

diagram  showing  discharge  of 145 

Carey,  Ga.,  stream  measurements  at. . .  51, 161, 171 

])late  showing  views  of  Oconee  River  at  158 
Carillon,  Quebec,  stream  measurements  at. .  227 
Carlton,  Ga.,  rainfall  at 51 

stream  measurements  at 51, 163 

plate  showing  view  of  Broad  River  near      154 

Carpenter,  L.  G.,  work  of 289,  290,  323 

Caruthers,  J.  H.,  aid  by 23,  555 

Carters,  Ga.,  rainfall  at 51 

stream  measurements  at 51, 180, 191-192 

Cassidy  Canal,  Idaho,  measurements  of  . .  486,  487 

Castillo,  Nicaragua,  rainfall  at 578 

Castlerock,  Colo,,  location  and  elevation  of.       257 

rainfall  at 259,  265 

Castlewood  dam,  Colo.,  description  of 280-283 

Castlewood    Lake     and    dam,  Colo.,    plate 

showing  views  of 280 

Catarina  River,  Nicaragua,  character  of 608 

Catawba,  N.  C,  stream  measurements  at  . .  50, 149 
Catawba  River,  measurements  of 50, 149-150 

diagrams  showing  discharge  of 149, 150 

Catlin  &  Macey  ditch,  Idaho,  measurement 

of 486 

Cedar  Rapids,  Nebr.,  stream  measurements 

at 298 

Cedar  River,  Nebr.,  measurements  of 298 

Cedar  River,  Wash.,  measurements  of.  63,  516-517 

diagram  showing  discharge  of 516 

plate  showing  gaging  station  on 516 

Centerville,  Cal.,  plate   showing    view    of 

Church  ditch  near -      536 

Central  America,  map  of 586 

Chadron  Creek,  Nebr.,  measurements  of 299 

Chaffee,  F.  P.,  acknowledgments  to 23 

Chagres    River,  Nicaragua,  plate    showing 

view  on 588 

Chama,  N.  Mex.,  location  and  elevation  of. .       356 

rainfall  at 357,359 

Chamberlain,  J.  P.,  aid  by 560 

Chanchos  River,  Nicaragua,  measurements 

of 626-629 

Chattahooche  River^  Ga.,  measurements  of      51, 

180, 181, 182-183 
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Chattabooclie     River,     Ga.,     gold    mining 

along 172-174 

water  powers  on 1 74 

tributaries  of 175-176 

rainfall  in  basin  of 177-181 

map  showing  locati<m   of   stations    in 

basin  of 178 

diagrams  showing  discharge  of 182, 183 

Chattanooga,  Tenn.,  stream  measurements 

at 52,210-211 

plate  showing  view  of  Tennessee  Kiver 

at 208 

Chelan,  Lake, "Wash.,  description  of 495 

map  of  drainage  basin  of 496 

Cherry  ('reek,  ( ,olo.,  irrigation  from 280-284 

Chesapeake  and  Ohio  Railway,  acknowledg- 
ments to 24 

Chestalee  River,  Ga.,  tributaries  of 176 

Cheyenne,  Wyo.,  location  and  elevation  of.       257 

rainfall  at 258,  265 

Cheyenne  River,  S.  Dak.,  course  and  tribu- 
taries of 251 

irrigation  from 252 

plate  showing  view  of  falls  cf 252 

topography  near 252-253 

Childs,  O.  "W.,  survey  of  canal  route  by. .  589-590 

Chittenden,  H.  M.,  mentioned 197 

cited     on     floods    in    the    Mississijjpi 

River 349,  350 

Christiansburg,  Va.,  location  and  elevation 

of 137 

rainfall  at 138,  139 

Church  ditch,  Cal.,  plato  showing  view  of..       536 

Cisco,  Utah,  location  and  elevation  of 375 

rainfall  at 377,379 

City  Creek,  Cal.,  measurements  of 557 

Clapp,  W.  B.,  acknowledgments  to 23 

Clark,  W.  B.,  work  of 22 

Clarke,  T.  C,  aid  by 227 

Clarksville,  Ya.,  rainfall  at 50 

stream  measurements  at 50, 139 

location  and  elevation  of 137 

rainfall  at 139 

Clear  Creek,  Mebr.,  measurements  of 298 

Clear  Creek,  Wyo.,  measuiements  of. .  53, 250-251 

plate  showing  gaging  station  on 250 

diagram  showing  discharge  of 251 

Clear  Lake,  Cal.,  measurements  of 528 

Cleveland,  G.,  arbitration  by 574 

mentioned 591 

Clifford's  bridge,  Wash.,  stream  measure- 
ments at 516 

Climie,  W.,  records  kept  by 574 

Coalville,  Utah,  location  and  elevation  of..       454 

rainfall  at 456, 458 

Cobb,  P.  L..  mentioned 86 

Cobbosseecouteo  River,  Me.,  measurements 

of 46 

Coco  River,  Nicaragua,  course  of 569 

Codman,  J.  E.,  work  of 88,  94 

aid  by 108 

Cole,  B.,  acknowledgments  to 23 

aid  by 560 

Colby,  Kans.,  location  and  elevation  of 306 

rainfall  at 309,313 

Colliuston,  Utah,  rainfall  at 60 
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Collinston,  Utah,  stream  measurements  at . .       60, 

458, 459, 460-462 
plate  showing  view  of  Bear  River  at  . .      458 

Colorado,  reservoir  sites  in 31-32 

stream  measurements  in 54-55,  57, 

•     '  279-280,  284-294,  329,  330,  331-342,  358, 

359-364,  365, 378,  379,  388-396,  401-404 

rainfall  in 258,  259,  265,  327-328, 

330, 357.  359, 376-377,  378,  379,  396-399 
Colorado    Midland    Railway,    acknowledg- 
ments to 23 

Colorado  River,  Tex.,  references  to  meas- 
urements of 354 

Colorado  River,  Upper,  map  showing  loca 

tion  of  stations  in  basin  of 374 

rainfall  in  basin  of 374-379 

Colton,  A.  T.,  work  of 22 

Columbus,  Nebr.,  rainfall  at 55 

stream  measurements  at. .  55,  263,  294-296,  302 

Columbus,  Ohio,  stream  measurements  at 212- 

215,216 
Coldwater  Creek,  Nebr.,  measurements  of. .  298 
Concordia,  Kans.,  location  and  elevation  of.       306 

rainfall  at 310,313 

Connecticut,  rainfall  at  Hartford 47 

stream  measurements  in 47 

Connecticut  Kiver,  measurements  of 47.76-78 

diagram  showing  discharge  of 77 

Como,  lyake,  Mont.,  plate  showing  view  of. .      496 

Consuelo  River,  Nicaragua,  character  of 607 

Cooley,  L.  E.,  reference  to 216 

Coon  Creek.,  Xi^br.,  measurements  of 298 

Cooper,  T.,  acknowledgments  to 24 

Cortez,  Colo.,  plate  showing  view  of  flume 

carrying  water  to 414 

Coosa  River,  Ala.,  measurements  of...  51,  184-188 

rainfall  in  basin  of 177-181 

map    showing    location   of   stations  in 

basin  of 178 

diagrams  showing  discharge  of 186, 187 

Coosa wattee  River,  Ga.,  measurements  of.      51, 

180,  191-192 

diagram  showing  discharge  of 192 

Cornlea,  Xebr.,  location  and  elevation  of  . . .      257 

rainfall  at 261,265 

Corthell,  E.  L.,  work  of 586 

Costa  Rica,  boundary  dispute  between  Nica- 
ragua and 573-574 

map  of  portions  of  Nicaragua  and,  show- 
ing route  of  proposed  canal 574 

Cottonwood  Creek,    Idaho,    measurements 

of 485,487 

Cottonwood  Creek,  Nebr.,  measurements  of.      298 
Cottonwood  River,   Kans.,   plate    showing 

view  of 308 

Covington,  Ga.,  location  and  elevation  of. . .       158 

rainfall  at 160,161 

Cowiche  Creek,  resei  voir  site  on 506-507 

map  of  reservoir  on 507 

Cozad,  Nebr.,  plate  showing  view  of  head 
gate  of  canal  of  Farmers  and  Mer- 
chants'   Irrigation    Company-      on 

Platte  River  at 296 

Craig,  Colo.,  irrigation  and  agriculture  near.      384 

Craig,  Mont.,  stream  measurements  at 53 

Cramer,  F.,  reference  to 384 
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Crawford,  Nebr.,  stream  measurenicnt.s  at.  5t,  303 
Cres.sy,  S.  W.,  acknowledgnient.s  to 23 

aid  by 324 

Crete,  Nebr.,  stream  measurements  at 298 

local  ion  and  elevation  of 306 

rainfall  at 308,  313 

Crocker,  H.  II.,  aid  by 560 

Crockors.  Cal.,  location  and  elevation  of  . . .       560 

rainfall  at 561 

Crooked  Creek,  Nebr.,  measurements  of 299 

Crotondam,  N.T.,  figure  showing  section  of.  84 
Croton  River,  N.  Y.,  measurements  of. . .  47,  81-84 

plate  showing  view  of 74 

Cucamonga  Creek,  Cal.,  measurements  of..  552 
Cucaracho  Kiver,  Nicaragua,  character  of. .  607 
Culbertson,    Nebr.,    stream    measurements 

at 299,302 

location  and  elevation  of 306 

rainfall  at 307,  313 

Cumberland,  Md.,  rainfall  at 49, 118, 121 

stream  measurements  near 49,120,121 

location  and  elevation  of 117 

Cunningham,  Kans.,  location  and  elevation 

of 326 

rainfall  at 328,  330 

Cuyamaca,  Cal.,  location  and  elevation  of..       560 

rainfall  at 561 

1). 

Dahlonega,  Ga.,  location  and  elevation  of. . .      177 

rainfall  at 179, 181 

Dakota  sandstone  at  cascades  of  Fall  River, 

S.  Dak.,  plate  showing 252 

Dale  Enterprise,  Va.,  location  and  elevation 

of 117 

rainfall  at 11 9, 121 

Dallas,  Tex.,  references  to  stream  measure- 
ments at 354 

Daly,  M.,  mentioned 493 

Dan  River,  Va.,  measurements  of 50, 139 

Dante     River,    Nic^aragua,   measurements 

of  62 1-622 

Darton,  N.  H. ,  work  of 44,  252 

Daunt,  Cal.,  location  and  elevation  of 560 

David  City,  Nebr.,  location  and  elevation  of      306 

rainfall  at 308,  313 

Davis,  A.  P.,  hydrograi>by  of  Nicaragua.  563-637 

work  of 609 

Davis  ditch,  Idaho,  measurements  of 486, 487 

Davis  &  Hart  ditch,  Idaho,  measurements 

of 486 

Day,  D.  Y.,  acknowledgments  to... 409 

Dajtou,  Wash.,  location  and  elevation  of. . .      512 

rainfall  at 512, 514 

Dead  Horse  Creek,  Nebr.,  measurements  of      299 

Dean,  J.  L.,  aid  by 64 

Deansbury,  Colo.,. stream  measurements  at.  54 
Deep  Creek,  Cal.,  elevation  of 560 

rainfall  at 561 

Deep  River,  N.  C,  plate  showing  view  of 

dam  across 146 

references  to  raeasureraen  ts  of 146 

Deer  Creek,  Nebr.,  measurements  of 299 

Delaware  River,  measurements  of 48,  84-86 

diagram  showing  discharge  of 86 
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Delaware  River,  Kans.,  plate  showing  view 

of 308 

Del    Norte,    Colo.,    stream    measurements 

at  57, 358, 359-364 

Del  Rio,  Tex.,  map  showing  irrigation  sj's- 

tem  near 354 

Delta,  Colo.,  location  and  elevation  of 375 

rainfall  at 377,  379,  307,  398,  399 

Deming,  N.  Mex.,  location  and  elevation  of .      356 

rainfall  at 357,  359 

Denver,  Colo.,  .stream  measurements  at. . .  54,  263 

location  and  elevation  of 257 

rainfall  at 259,  265 

Denver   Land    and    Water    Stora;5e    Com- 
pany, irrigation  s^'stem  of 280-284 

Denver  Union  Water  Company,  aid  by 284 

Denver    and    Gulf   Railroad,   acknowledg- 
ments to 23 

Denver  and  Rio  Grande  Railroad,  acknowl- 
edgments to 23 

Descanso,  Cal.,  location  and  elevation  of...       560 

rainfall  at 561 

Deschutes  River,  Oreg.,  references  to  meas- 

uremen  ts  of 63, 516 

Deseado,  Nicaragua,  rainfall  at 578 

diagram  showing  rainfall  at 576 

Deseado  River,  Nicaragua,  temperature  and 

relative  humidity  on 581 

measurements  of 632-634 

Desplaines  River,  III.,  measurements  of 52, 

218-223 

drainage  basin  of 218 

diagram  showing  dischariie  of 223 

Dewitt,  Nebr.,  stream  measuremen. s  at 298 

Diamond,  Ga.,  location  and  elevation  of 177 

rainfall  at 179, 181 

Dickson,  L.  H.,  acknowledgments  to 23 

Discharge  data,  resume  of 46-64 

Dismal  River,  Nebr.,  measurements  of 299 

District  of  Columbia,  rainfall  in 119, 1 21 

Dobson,  A.,  work  of 22 

Dodge,  Kans.,  location  and  elevation  of 3:i6 

rainfall  at 328,  330 

Dolores,  Colo.,  stream  measurements  at 58, 

379.  392-394 
plate  showing  view  of    gaging  stati5n 

near 392 

Dolores  River,  Colo.,  measurements  of 58, 

379,392-394   ' 
plate  showing  view  of  gaging  station  on .      392 

diagram  showing  discharge  of 394 

diagrams  showing  comparison  of  stor- 
age in  Morton  Lake  and  flow  of  . .  428,  429 
plate  showing  view  of  headwaters  of. . .      432 
Douglas,  Nebr.,  stream  measurements  at.. .      301 

Downs,  Kans.,  location  and  elevation  of 306 

rainfall  at 310,313 

Dry  Creek  Canal,  Idaho,  measurements  of.      487 

Drubar,  C,  aid  by 560 

Dublin,  Ga.,  rainfall  at 51 

stream  measurements  at 51,  It'l,  170 

plate  showing  view   of   Oconee  River 

near  166 

Dungeness  River,  Wash.,  measurements  of.       63, 

518-519 
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Dungeness  E-iver,  Wash.,  diagram  showing 

discbarge  of 519 

Dunham,  B.,  acknowledgments  to 24 

Dunlap,  Nebr.,  stream  measurements  at...  301 
Dunning,  Nebr.,  stream  measurements  at.  299, 300 
Durango,  Colo.,  stream  measurements  at...      59, 

379,  403 
rainfall  at 397,398,399 

E. 

Eads,  J.  B.,  work  of... 586 

Eagle  Island,  Idaho,  stream  measurements 

on   486 

East  Carson  Eiver,  Nev.,  measurements  of.  59 
Echo  Mountain,  Cal.,  location  and  elevation 

of 560 

rainfall  at 561 

Elberton,  Ga.,  location  and  elevation  of 158 

rainfall  at 159,161 

Elkhorn  River,  Nebr.,  measurements  of 55, 

264,  266,  296-297,  299 

diagram  showing  discharge  of 297 

Elko,  Nev.,  stream  measurements  at..  59,437-438 
EUensburg,  Wash.,  location  and  elevation 

of 497 

rainfall  at 498,  500 

Ellsworth,  Kans.,  stream  measurements  at.       56, 

312, 313, 315 

El  Paso,  Tex.,  rainfall  at 58 

stream  measurements  at 58,358.359,372 

Elrod,  M.  J.,  aid  by 491 

ElToro,  Rio,  Nicaragua.    ^See  Rio  EI  Toro. 
Elwha  River,  Wash.,  measurements  of.  63,520-521 

proposed  dam  on 519,  520 

diagram  showing  discharge  of 521 

plate  showing  bridges  over 516 

Embudo,  N.  Mex.,  stream  measurements  at.       57, 

58,  358,  359,  364, 366-369 

rainfall  at 58 

Emery,  R.,  aid  by 244 

Emery,  S.  M.,  work  of 22 

cited  on  flow  of  Madison  River,  Mont. .      235 
cited  on  flow  of  Gallatin  River,  Mont..       239 
Emmitsburg,  Md.,  location   and  elevation 

of 117 

raiiifall  at 119,121 

Endicott,  M.  T.,  work  of 591 

Ericson,  Nebr.,  location  and  elevation  of. ..      257 

rainfall  at 261,265 

stream  measurements  at 298 

Erie  Canal,  N.  T.,  plate  showing  views  of 

barges  on 80 

Espinola,  R.,  records  kept  by 574 

Escondido,  Cal.,  stream  measurements  at..        64 

Escondido  River,  Nicaragua,  course  of 569 

Etowah  River,  Ga.,  measurements  of 51, 

181,188-190 

plate  showing  view  of 188 

water  powers  on 188-189 

diagram  showing  discharge  of 190 

Eureka  Canal,  Idaho,  measurements  of..  486,487 

Eureka  ranch,  Kans.,  rainfall  at 310,  313 

Evaporation,  estimated,  from  Narraguinnet 

and  Morton  Lake  reservoirs 426 

Evaporation  in  Nicaragua 582 

Ewing,  Nebr.,  stream  measurements  at 299 
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Fairbanks,  Nebr.,  stream  measurements  at.      301 
Fairbury,  Nebr.,  location  and  elevation  of..      306 

rainfall  at 309,313 

Eall  Creek,  Colo.,  stream  measurements  at.       58, 

395-396 
plate  showing  view  of  gaging  station  at      396 
Pall  River,  S.  Dak.,  plates  showing  views 

of 252,254 

Falls  River,  Idaho,  measurements  of 61 

Farish,  W.  A.,  aid  by 22,405 

Farmers'    Union    Canal,    Idaho,    measure- 
ments of 485,  486, 487 

Fauna  of  Nicaragua 584 

Fayette,  W.  Va.,  rainfall  at 51 

stream  measurements  at 51, 202, 203 

Fayetteville,  N.  C,  stream  measurements 

at 50, 145 

Fellows,  A.  L.,  woVk  of 22,  383,  404, 410 

acknowledgments  to 409 

Ferguson,  J.  D.,  mentioned 86 

Finley,  W.  W.,  acknowledgments  to 24 

Fish  (Jreek  Falls,  Colo.,  plate  showing  road 

to 386 

Fisher,  D.,  acknowledgments  to 23 

FitzGerald,  D.,  work  of 75 

Flint,  E.,  records  kei)t  by 574 

Flint  River,  Ga.,  measurements  of 51,184 

tributaries  of 176 

Floods  in  the  Lower  Mississippi  River,  dis- 
cussion of  347-352 

Floyd,  R.  S.,  mentioned 528 

Follows,  B.M.,  aid  by 560 

Food  products  of  N  icaragua 583 

Forbes,  J.  W . ,  aid  by 560 

Forks,  Wash.,  stream  measurements  at 63,  522 

Fort  Collins,  Colo.,  stream  measurements  at        55 

location  and  elevation  of 257 

rainfall  at 258, 265 

Fort  Craig,  N.  Mex.,  location  and  elevation 

of 356 

rainfall  at 357,359 

Fort  Crawford,  Colo.,  stream  measurements 

at 58,  378,  379,  391-392 

Fort  Duchesne,  Utah,   location  and  eleva- 
tion of 375 

rainfall  at 377,  379 

Fort  Garland,  Colo.,  location  and  elevation 

of 356 

rainfall  at 359 

Fort  Hall,  Idaho,  location  and  elevation  of.      470 

rainfall  at 471,474 

Fortier,  S.,  work  of 22 

Fort  Laramie,  Wyo.,  location  and  elevation 

of 257 

rainfall  at 258,265 

Fort  Lewis,  Colo.,  location  and  elevation 

of 375 

rainfall  at 377, 379 

Fort  Logan,  Mont.,  location  and  elevation  of      232 

rainfall  at 233,235 

Fort  Madison,  N.  C,  plate  showing  meas- 
urement of  Tugaloo  River  near 154 

Fort  McRae,  N.  Mex.,  location  and  eleva- 
tion of 356 

rainfall  at 357,359 
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Fort  Niobrara,  Nebr.,  stream  measurements 

at 300,  301 

Fort  Kiley,  Kans.,  location  and  elevation  of.       306 

rainfall  at 311,  313 

Fort    Robinson,    Nebr.,    stream    measure- 
ments at 254, 303 

Fort  San  Carlos,  Nicaragua,  diagram  show- 
ing rainfall  at 578 

rainfall  at 578 

temperature  and  relative  humidity  at. .      580 

gaging  station  at -  -       604 

Fort  Simcoe,  Wash.,  location  of 497 

rainfall  at 498,  500 

Fort  Tejon,  Cal.,  location  and  elevation  of.      560 

rainfall  at 561 

Fort  Wingate,  N.  Mex.,  diagram  showing 

rainfall  at 400 

Fowler  Switch  Canal,  Cal.,  plate  showing 

etJ'ect  of  high  velocities  on 536 

Franklin,  Pa.,  stream  measurements  at 195 

Frederick,  Md.,  location  and  elevation  of..       117 

rainfall  at 119,121 

stream  measurements  at 49, 120, 129-130 

Frederick,  Pa.,  stream  measurements  at...      48, 

89-94 
plate  showing  suspension  bridge  and 

nil(»meter  at 90 

Fremont,  Nebr.,  stream  measurements  at..       302 
Fremont,  Ohio,  references  to  stream  meas- 
urements at 223 

Fremont,    Elk  horn    and    Missouri  Valley 

Railroad,  acknowledgments  to 24 

French  Broad  River,  N.  C,  measurenients 

of 52,205 

diagram  showing  discharge  of 205 

French  Creek,  Pa.,  measurements  of 197-198 

Frenchman  River,  Nebr.,  measurements  of.       299 
Frio  River,  Nicaragua,  measurements  of. . .    604- 

605, 607 

Fruits  of  Nicaragua 583 

Fteley.  A.,  aid  by 82,  84 

Fullerton,  Nebr.,  stream  measurements  at.     298, 

300 

G. 

Gaffney,  S.  C,  stream  measurements  at 50 

Gaging  stations,  map  showing  location  of..        18 
Gainesville,  Ga.,  location  and  elevation  of.       177 

rainfall  at 179,181 

Gallatin  River,  Mont.,  measurements  of. .        53, 

234, 235,  239-242,  244 

method  of  farming  in  valley  of 239 

diagrams  showing  discharge  of 240,241 

Garaj',  Don  Jose  de,  work  of 586 

Gardiner,  Me.,  rainfall  at 46 

stream  measurements  at 46 

Gate  House,  Cal,,  rainfall  at 561 

Gates,  Nebr.,  stream  measurements  at 300 

Gemmell,  R.  C,  aid  by 469 

Genesee  River,  N.  T.,  measurements  of,  52,  225-227 

.  diagram  showing  discbarge  of 227 

Geneva,  Nebr.,  location  and  elevation  of 306 

rainfall  at.. 308-313 

Geneva.Utah,  references  to  stream  measure- 
ments at 467 

Genoa,  Nebr.,  location  and  elevation  of 257 
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Genoa,  Nebr.,  rainfall  at 261,265 

stream  measurements  at 298 

Georgetown,  Colo.,  location  and  elevation  of      257 

rainfall  at 259,265 

Georgetown,  Nebr.,  stream  measurements  at      300 

Georgia,  stream  measurements  in 50-51, 

160, 161, 163, 165, 170-172, 182-186, 188-192 

rainfall  in 51 , 

159,160,161,177-181 

Gering,  Nebr.,  stream  measurements  at 54, 

263, 267-268 

location  and  elevation  of 257 

rainfall  at 258,  265 

Gibbon,  Oreg.,  stream  measurements  at  . . .  63,  515 

Gila  River,  Ariz.,  measurements  of 59 

character  of 405 

sediment  carried  by 634 

Gilbert,  G.  K.,  mentioned 44,  216 

Gilchrist.  Nebr.,  stream  measurements  at. .      303 

Gillsville,  Ga.,  location  and  elevation  of 158 

rainfall  at 159, 161 

Glasgow,  Va.,  rainfall  at 49 

stream  measurements  at 49, 134, 135 

Glen  wood,  Nebr.,  stream  measurements  at. .      303 
Golconda,  Nev.,  stream  measurements  at . . .       59, 

438-439 
Golconda  Canal,  Nev.,  estimated  cost  of . .  446-447 
Gold  mining  along  the  Chattalioochee  River, 

Ga 172-174 

Gordon  Creek,  Nebr.,  measurements  of 299 

Gorman,  Cal.,  location  and  elevation  of 560 

rainfall  at 561 

Gove  City,  Kans.,    location  and  elevation 

of 306 

rainfall  at 310,  313 

Grainfield,  Kans.,  location  and  elevation  of.      306 

rainfall  at 310,313 

Granada,  Colo.,  description  of  gaging  sta- 
tion at 325 

Granada,  Nicaragua,  rainfall  at 577 

Grand  River,  Colo.,  measurements  of 58, 

378, 379,  388-389 

diagram  showing  discharge  of 389 

Grande,  Rio,  Nicaragua.     See  Rio  Grande. 
Grand  Island,  Nebr.,  stream  measurements 

at 302 

Grand  Junction,    Colo.,    stream    measure- 
ments at 58,378,379,388-390 

location  and  elevation  of 375 

rainfall    at 377,  379,  397,  398,  399 

Grand  View,  Idaho,  stream  measurements 

at 02,  473, 474,  481-482 

Granger,  "Wyo.,  stream  measurements  at..       58, 

381-382 

Granite,  Colo.,  rainfall  at 56 

stream  measurements  at 56,  329,  330 

Grant,  U.  S.,  mentioned 590 

Graves,  E.  D.,  mentioned 77 

cited  on  height  of  "water  in  Connecticut 

River 

Great  Falls,  Md.,  rainfall  at 

Great  Plains  "Water  Company,   irrigation 

by 

Great    Plains    Water    Storage    Company, 

acknowledgments  to 23 

Great  Salt  Lake,  rainfall  in  basin  of 454-458 
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Great  Salt  Lake,  map  showing  location  of 

stations  in  basin  of 455 

Greeley,  Colo.,  location  and  elevation  of...       257 

rainfall  at 259,  265 

plate  showing  view  of  Cache  la  Poudre 

River  near ^      292 

Green  lilver,  Wyo.,  stream  measurements 

at 58,378,379,380-381 

I)late  showing  views  of   Green    River 

near 380 

Green  River,  measurements  of. . .  58, 378,  379,  380- 

381,387-388 

plate  showing  views  of 380 

diagrams  showing  discharge  of 381,388 

Greenbrier  River,  W.   Va.,   measurements 

of 51,202,204 

diagram  showing  discharge  of 204 

Greenville,   Miss.,  plate  showing  view    of 

leN'^e  at 352 

Greenwood,  S.  C,  location  and  elevation  of.      158 

rainfall  at 1 159,161 

Grenola,  Kans.,  location  and  elevation  of..       326 

rainfall  at 327,330 

Grey  Bull  River,  Wyo.,  measurements  of . .        53 
Greytown,  Nicaragua.    See  San  Juan  del 
Norte. 

Griggs,  J.,  cited  on  flow  of  Scioto  River 214 

Groveland,  Cal.,  location  and  elevation  of. .      560 

rainfall  at 561 

Guadalupe  River,  Tex.,  reference  to  meas- 
urements of 355 

Guiscoyal  River,  Nicaragua,  measurements 

of 609 

Gunnison,  Colo,  location  and  elevation  of. .      375 

rainfall  at 376,  379,  396, 398,  399 

Gunnison  River,  Colo.,  measurements  of 58, 

378,  390 
diagram  showing  discharge  of 390 


Haigler,  Nebr.,  stream  measurements  at.  298,302 
Hailey,  Idaho,  location  and  elevation  of 470 

rainfall  at 472,  474 

Hains,  P.  C,  work  of 592 

Hale,  R.  A.,  aid  by 73 

Hall,  B.  M.,  work  of 22, 152 

acknowledgments  to 23 

cited 166, 175 

Hall,  M.,  acknowledgments  to 23 

Hall,  W.  M.,  cited  on  irrigation  in  southern 

California 558 

Hamilton,  Mont.,  capacity  of  ditches  near.      493 

Hammond,  C.  M.,  aid  by 528 

Hanus,  G.  C,  work  of 604 

Hardesty,  W.  P.,  cited 280 

Harney  Creek,  Nebr.,  measurements  of 300 

Harpers  Ferry,  "W.  Va.,  location  and  eleva- 
tion of 117 

rainfall  at 119, 121 

Harrisburg,  Pa.,  stream  measurements  at. .       48, 

109-110 

Harroun,  P.  E.,  work  of 22 

Hart,  H.  H.,  aid  by 395 

Hartford,  Conn.,  rainfall  at 47 

stream  measurements  at 47 

Harvard,  Nebr.,  location  and  elevation  of..      306 
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Harvard,  Nebr.,  rainfall  at 308,  313 

Hat  Creek,  Nebr.,  measurements  of 299 

Haupt,  L.  M.,  work  of 592 

Havre,  Mont.,  stream  measurements  at 53, 

245-246 
Haw  River,  N.  C,  references  to  measure- 
ments of 146 

Hayden,  Colo.,  plate  showing  views  of  and 

near 384 

Hayes,  C.  W.,  reference  to 570,  573 

cited  on  flood  plain  of  Rio  San  Juan, 

Nicaragua 617 

Hays  City,  Kans.,  location  and  elevation  of      306 

rainfall  at 310,  313 

Heber,  Utah,  location  and  elevation  of 454 

rainfall  at 457, 458 

Hebron,  Nebr.,  location  and  elevation  of...      306 

rainfall  at 309,  313 

Helena,  Mont.,  location  and  elevation  of. ..       232 

rainfall  at 233,  235 

Henrietta  Cotton  Mill,  Rutherford  Count}*, 

N.  C,  plate  showing  view  of  canal  to      146 

Henry,  D.  F.,  aid  by 217,  227 

Henry  Fork,  Idaho,  measurements  of 01 

Hering,  R.,  work  of 88 

cited  on  drainage  areaofTohickou  Creek        98 

Herman,  B.,  ruling  of 481 

Herndon,  Cal.,  stream  measurements  at 63. 

526,  529,  530 
Hesperus,  Colo.,  stream  measurements  at. . .      410 

Hildts,  Carl,  mentioned .v  . .      463 

Hintou,  "W.  Va.,  location  and  elevation  of. . .      199 

rainfall  at 201,202 

Hitchcock,  E.  A.,  reference  to .• 463 

Hiwassee  River,  N.  C,  measurements  of 52, 

208,209 

diagram  showing  discharge  of 209 

Hiwassee  River,  Tenn.,  plate  showing  view 

of 208 

Hodgson,  J.  H.,  acknowledgments  to 23 

aid  by 278 

Holbrook,  H.  R.,  aid  by 339 

Holcomb  Creek,  Cal.,  elevation  of 560 

rainfall  at 561 

Holden,  R.  L.,  aid  by 324 

Holdrege,  Nebr.,  location  and  elevation  of. .      306 

rainfall  at 308,  313 

Holland,  S.  C,  location  and  elevation  of 158 

rainfall  at 159,161 

Holloway.  Nebr.,  stream  measurements  near      303 

Hollingsworth,  S.,aid  by .- 64 

Holmes,  J.  A .,  work  of 22, 137, 148 

Holyoke,  Mass.,  stream  measurements  at. . .       47, 

76,78 
Home  Supply  dam,  near  Arkins,  Colo.,  plate 

showing  view  of 356 

Hood,  W.,  acknowledgments  to 23 

Hood  River,  Oreg.,  references  to  measure- 
ments of 63,516 

Hooper,  "Wash.,  rainfall  at 62 

stream  measurements  at 62,  489-490,  513 

Horr,  Mont.,  stream  measurements  at 53 

Horse  Creek,  Nebr.,  measurements  of 299 

Horse  Creek,  Colo  ,  plate  showing  view  of. .       432 
Horseshoe  Creek,  Wyo.,  plate  showing  view 

of  gorge  of 270 
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Horseshoo    Creek,    Wyo.,   plates    showing 

views  of  ranches  on 270,274 

course  of 270 

map  showing  location  of  ditches  divert- 
ing water  from 270 

reservoir  sites  on 270-273 

figure  showing  jtroposed  reservoir  on  . .      271 

figure  showing  gorge  of 272 

figure  showing  small  reservoir  on 272 

plate  showing  view  of  dam  site  on 274 

Hubbel,  H.,  mentioned 478 

Hudson  River,  N.  Y.,  measurements  of . .  47,  78-81 

diagram  showing  discliarge  of 80 

Hugo,  Colo.,  location  and  elevation  of 326 

rain fal  1  at 328,  330 

Humboldt  County,  map  of  proposed   reser- 
voir and  supi)ly  canal  in 451 

Humboldt  River,  Nev..  measurements  of. . .  59-61, 

436-441 

character  of  basin  of 434-436 

map    showing  location    of   stations    in 

basin  of 435 

diagrams  showing  discharge  of 437, 

438,  439.  440,  441 
Humboldt  Station,  Nev.,  proposed  reservoirs 

near 448-452 

proposed  canals  near 452-454 

Humboldt    Valley,  Nev.,  map  of   proposed 
reservoir,  canals,  and  irrigable  lands 

in 446 

map  of  Lower 449 

Humphrey,  F.,  aid  by 391 

Humphreys,  A.  A.,  reference  to 590 

Humphreys,  D.  C,  work  of 22, 132 

Husted,  Colo.,  location  and  elevation  of 326 

rainfall  at 327,  330 

Hutchinson,  Ivans.,  stream  measurements  at.      57, 

329, 330,  342-343 

location  and  elevation  of 326 

rainfall  at 328,  330 

Hydrographic  investigations,  index  map  of 

special 19 

Hydrography  of  Nicaragua 563-637 

Hynes,  T.  F.,  aid  by 324 

I. 

Idaho,  stream  measurements  in 60, 

459-460, 473, 474-477,  482-489 

reservoir  surveys  in 33 

rainfall  in 471-472.474 

Idaho  Falls, Idaho,  stream  measurements  at.        61 

location  and  elevation  of 470 

rainfall  at 471,474 

Illinois,  stream  measurements  in 52. 

218-223 

Imperial,  Nebr.,  location  and  elevation  of  ..       306 
rainfall  at 307.313 

Indian  (/reek,  Nebr.,  measurements  of 300 

Ignacio,  Colo.,  plate  showing  view  on  Los 

Pinos  River  near 392 

Indianola,  Nebr.,  location  and  elevation  of.      306 
rainfall  at 307,  313 

lola,  Kans.,  stream  measurements  at..  57,345-347 

Irrigation    in    the    Southern    TJte    Indian 

Reservation,  proposals  for 418 

Irrigation  from  Cherry  Creek,  Colo 280-284 
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Irrigation  from  Middle  Creek,  Mont 242-243 

Irrigation  from  Tuolunme  River,  Cal 533 

Isabella,  Cal.,  location  and  elevation  of 560 

rainfall  at 561 

Ives,  Nebr.,  stream  measurements  near 302 


Jackson,  W.  H..  record  kei)t  by 575 

James,  W.,  acknowledgments  to 23 

reference  to 537 

James  River,  Va.,  stream  measurements  in 

basin  of 49,134-136 

map   showing    location   of   stations  in 

basin  of 132 

rainfall  in  basin  of 132-134 

diagram  showing  discharge  of 136 

Jefferson  River,  Mont.,  measurements  of. . .       53, 

237-238, 244 

diagram  showing  discharge  of 238 

Jellys  Ferry,   Cal.,   stream    measurements 

at 63,  526,  527 

Jicoral  River,  Nicaragua,  measurements  of.       609 

Jim  Creek,  Nebr.,  measurements  of 300 

Jones,  H.,  reference  to 383 

Johnson,  A.,  reference  to 413 

Johnson,  C,  aid  by 495 

Johnston,  C.  T.,  work  of 22,270.277 

Jolinston,  T.  T.,  stream  measurements  by .       218 

Judson,  N.  C,  stream  measurements  at 52, 

207-208 
Julesburg.  Colo.,  stream  measurements  at.  302 
Junction  City,  Kans.,  stream  measurements 

at 55,312,313,318 

K. 

Kanawha  River  Basin,  rainfall  in 51,  199-202 

stream  measurements  in 51,202-204 

ma])  showing  stations  in    200 

Kansas,  stream  measurements  in 55-56,  312, 

313. 314-316, 318-322,  342-347 
rainfall  in 309-311,  313,  328,  330 

Kansas  River,  measurements  of. . .  56,  312,  313,  322 
diagram  showing  relation  of  gage  height 

to  solids  carried  by 320 

analyses  of  water  from 321 

diagram  showing  discharge  of 322 

piate  showing  views  of 304 

map   showing  location    of   stations   in 

basin  of 305 

rainfall  in  basin  of 305-313 

Kaweah  River,  Cal.,  measurements  of 526 

Kearney.  Nebr.,  location  and  elevation  of. . .      257 
rainfall  at 260,265 

Kelton,  Utah,  location  and  elevation  of 454 

rainfall  at 456,458 

Kennebec  River,  Me.,  measurements  of. .  46,  64-65 
diagram  showing  discharge  of 65 

Kennewick,  Wash.,  location  and  elevation 

of 497 

rainfall  at 498,500 

Kenton,  Ohio,  stream  measurements  at.. .  214-215 

Kern  River,  Cal.,  measurements  of...  64,536-538 
map  showing  point  of  measurement  on.      537 

diagram  showing  discharge  of 538 

plate  showing  views  of 538 

Kernville,  Cal.,  location  and  elevation  of 560 
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Kernville,  Cal.,  rainfall  at 561 

Keya  Paha  Eiver,  Nebr.,  measurements  of .      300 
Kimball,  Nebr.,  location  and  elevation  of. . .      257 

rainfall  at 259,  265 

stream  measurements  at 300 

Kings  River,  Cal.,  measurements  of 63-64, 

526,  534-535 

diagram  showing  discharge  of 535 

plate  showing  gaging  station  on 534 

Kingsburg,  Cal.,  reference  to  stream  meas- 
urements at 64,  534 

plate  showing  view  of  gaging  station  at.      534 

Kiona,  "Wash.,  stream  measurements  at 62, 

499,  500,  502 

Kirwin,  Kans.,  location  and  elevation  of 306 

rainfall  at 310,313 

Knackstedt,  L.  A.,  acknowledgments  to 409 

L. 

Lafayette  formation  in  the  Lower  Missis- 
sippi Valley 352 

Lagrange,  Ga.,  location  and  elevation  of 177 

rainfall  at 180,181 

LaGrange,  Cal,,  stream  measurements  at. . .       63, 

526,  531-532 

Lagrange  dam,  Cal.,  plate  showing  views  of.      532 

Laguna  Canal,  Colo.,  description  of 339-340 

Lake,  Idaho,  location  and  elevation  of 470 

rainfall  at 471,  474 

Lake  Chelan,  "Wash.,  description  of 495 

map  of  drainage  basin  of 496 

Lake  Como,  Mont.,  plate  showing  view  of. .      496 

Lake  Managua,  Nicaragua,  location  of 571 

plate  showing  survej'ors  camp  on 584 

as  a  storage  reservoir,  discussion  of . .  600-601 

Lake  Nicaragua,  description  of 570-571 

evaporation  from 582 

measurements  of 596-597 

estimated  monthly  inflow  into 605 

daily  elevation  of,  in  1898 606 

elevation  of,  if  all  water  had  been  held 

by  a  dam  at  Sabalos 612 

Lakeside,  "Wash.,  location  and  elevation  of.      497 
rainfall  at 498,500 

Lake  Tenaya,  Cal.,  plate  showing  view  of. .      530 

La  Liebre,  Cal.,  location  and  elevation  of. .  •      560 
rainfall  at 561 

Lamar,  Colo.,  description  of  gaging  station 

at  324-325 

location  and  elevation  of 326 

rainfall  at 328,330 

La  Maria,  Rio,  Nicaragua.  See  Rio  La  Maria. 

Lambertville,  N.  J.,  stream  measurements 

at 48,84-86 

Lander,  Wyo.,  location  and  elevation  of 257 

rainfall  at 258,265 

La  Plata  River,  Colo.,  meaeurements  of '     410 

Laramie,  "Wyo.,  location  and  elevation  of. . .       257 
rainfall  at 258,  265 

Laramie  River,  measurements  of 54. 

262, 265,  274-276 

diagrams  showing  discharge  of 274,  276 

reservoir  site  on 276-277 

plate  showing  measurement  and  views 

of 276 

map  showing  proposed  re.s  rvoir  on 277 
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Laramie  River,  plate  showing  view  of  sky- 
line ditch  diverting  water  from 292 

Las  Animas,  Colo.,  location  and  elevation  of     326 

rainfall  ac 328,330 

reference  to  stream  measurements  at..       342 
Las  Cruces,  N.  Mex.,  location  and  elevation 

of 356 

rainfall  at 358,  359 

Las  Lajas,  Nicaragua,  rainfall  at 578 

temperature  and  relative  humidity  at..      579 
Las  Lajas,  Rio,   Nicaragua.     See  Rio  Las 

Lajas. 
Laurel,  Md.,  stream  measurements  at  .  48, 113, 116 

rainfall  at 49, 113, 114 

location  and  elevation  of 112 

Lavaca,  Nebr.,  stream  measurements  at 301 

Lawrence,  Kans.,  stream  measurements  at.      56, 

312,313,322 
plate  showing  view  of  Kansas  River  at.      304 

location  and  elevation  of 306 

rainfall  at 311,  313 

Lawrence,    Mass.,     stream    measurements 

at 46,  73-74 

plate  shewing  view  of  Merrimac  River 

at 74 

Leach,  S.  S.,  work  of 78 

Loaniington,  Utah,  stream  measurements  at.        61 

Lebec,  Cal..  location  and  elevation  of 560 

rainfall  at 56J 

Lecompton,  Kans.,  ])late  showing  gage  on 

Kansas  River  at 304 

Lehigh  River,  Pa.,  measurements  of 8C-88 

Lehman,  G.  M.,  work  of 195, 197, 198 

Lemi>  Canal,  Idaho,  measurements  of 486,  487 

Lesseps,  M.  de,  reference  to 588 

Levee,  plate  showing  view  of 352 

Levee  system,  discussion  of 350-352 

ma])  showing  extent  of 351 

Lewis,  Tex.,  references  to  stream  measure- 
ments at 354 

Lexington,  Nebr.,  location  and  elevation  of.      257 

rainfall  at 260,  265 

Lexington,  Va.,  geographic  position  of 132 

rainfall  at 133,134 

Liberty,  Kans.,  stream  measurements  at  . .  57,  344 
Limpio  River,    Nicaragua,    measurements 

of 625-626 

Lincoln,  A.,  reference  to 412 

Lincoln,  Nebr.,  location  and  elevation  of  . . .      257 

rainfall  at 261,265 

Lippincott,  J.  B.,  work  of.  22,  524,  534,  543,  552, 555 
quoted  on  drought  in  southern  Califor- 
nia       539 

reference  to 543,  550,  558 

Little  River,  Ga.,  water  powers  on 168 

Little  Bear  Valley,  Cal.,  elevation  of 560 

rainfall  at 561 

Little  Cottonwood  Creek,  Nebr.,  measure- 
ments of 298 

Little  Goose  Creek,  "Wyo,,  measurements  of.        53 
Little  Neshaminy  Creek,  Pa.,  plate  showing 

high- water  gage  on 106 

Little  Rock  Creek,  Cal.,  measurements  of.  64,  540 
Little  Tennessee  River,  N.  C,  measurements 

of  52, 207-208 

diagram  showing  discharge  of 208 
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Little  Tliompson  Creek,  Colo.,  seepagemeas- 

uremeiits  on 289 

Little  Truckee  River,  Cal.,  measurements  of.        59 

Little  Wood  liiver,  measurements  of G2,  473 

Livingston,    Mont.,   stream    measurements 

at  53, 247-248 

Lodgepole  Creek.,  Nebr.,  measurements  of.  300 
Lockville,  N.  C,  plate  showing  dam  on  Deep 

River  near 146 

Loess  in  the  Lower  Mississippi  Valley 352 

Logan,    Mont.,  rainfall  at 53 

stream  measurements  at 53,  234,  235,  240 

Logan,  Utah,  stream  measurements  at GO, 

462-463 

location  and  elevation  of 454 

Logan  River,  Utah,  measurements  of. .  60,462-463 

diagram  showing  discharge  of 463 

Lonergan  Creek,  Nebr.,  measurements  of..  300 
Long  Pine,  Nebr.,  stream  measurements  at.      298, 

300,  302 
Long  Pine  Creek,  Nebr.,  measurements  of.  300 
Longtom  Creek,  Idaho,  reservoir  site  on . .  477-481 

maps  of  reservoir  site  on 479,  480 

land  segregated  for  reservoir  site  on...       480 
Looking  Glass  Creek,  Nebr.,  measurements 

of 300 

Lord,  H.  S.,  acknowledgments  to 493 

Los  Angeles,  Cal.,  stream  measurements  at.  542 
Los  Angeles  River,  Cal.,  measurements  of  541-543 
Los  Luuas,  N.  Mex..  location  and  elevation 

of 356 

rainfall  at 357,359 

Los  Pinos  Ri\er,  Colo.,  ])lates  showing  view 

of 392 

measurements  of 410 

Lost  River,  Idaho,  location    and   elevation 

of 470 

rainfall  at 471,474 

Loup  City,  Nebr.,  stream  measurements  at.       300 

Loup  River,  Nebr.,  measurements  of 55, 

263. 264,  266,  294-295, 300 

diagram  showing  discharge  of 295 

Lovell,  Wyo.,  stream  measurements  at 53,249 

Ludlow,  W.,  work  of 591 

Lull,  E.  P.,  work  of 590 

Lyle,  M.  D.,  aid  by 324 

Lyle,  Wash.,  location  and  elevation  of 497 

rainfall  at 498,  500 

Lyons,  Colo.,  stream  measurements  at 54, 

264,  285-286 
Lytle  Creek,  Cal.,  measurements  of 555-557 

M. 

Machado  River,  Nicaragua,  measurements 

of 620-621 

Machuca,  Nicaragua,  rainfall  at 578 

Machuca  River,  Nicaragua,  measurements 

of 609 

Macon,  Ga.,  rainfall  at 51 

stream  measurements  at 51,161,171-172  ! 

plate  showing  view  of  Ocmulgee  River  ] 

at 166 

Madison,  Nebr.,  stream  measurements  at..  303 
Madison,  S.  C,  stream  measurements  at  .. .  162 
Madison  River,  Mont.,  measurements  of. .       53, 

234, 235-237,  244 
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Madison  River,  Mont.,  water  power  on 236 

diagram  showing  discharge  of 237 

Mahoning  Ri\er,  Pa.,  measurements  of 198 

Maine,  rainfall  in 46,  72 

stream  measurements  in 46.  64-73 

Malade  River,  Idaho,  measurements  of.  62,  473, 477 

diagram  showing  discharge  of 477 

Malheur  River,  Oreg.,  measurements  of 62 

Mancos,  Colo.,  stream  measurements  at 404 

Mancos  River,  Colo. ,  measurements  of 404 

character  of 410 

Manhattan,    Kans.,   stream  measurements 

at 56,  312,  313,  319 

location  and  elevation  of 306 

rainfall  at 311,313 

Manzana,  Cal.,  location  and  elevation  of  . . .       560 

rainfall  at 561 

Managua,  Lake.     See  Lake  Managua. 

Marbury,  J.  B.,  acknowledgments  to 23 

Marietta,  Ga.,  location  and  elevation  of 177 

rainfall  at 179, 181 

Marion,  Ohio,  stream  measurements  at...   214-215 

Marion,  Va.,  location  and  elevation  of 199 

rainfall  at 201,202 

Marlinton,W.Va.,  location  and  elevation  of.       199 

rainfall  at 201,  202 

Maniucl  tc.  Nebr.,  location  and  elevation  of.       257 

rainfall  at 261,  265 

Marshall,  Colo.,  stream  measurements  at ..       54, 

287-288 
Marsland,  Nebr.,  stream  measurements  at .  301 
Martiusburg,  W.  Va.,  location  aud  elevation 

of  ... 117 

rainfall  at 118,121 

Martiusdale,  Mont.,  location  and  elevation 

of 232 

rainfall  at 233,  235 

Maryland,  stream  measurements  in 48-49, 

110, 116, 120, 121, 122, 129-131 

rainfall  iu 112-114, 118, 119, 121 

Masaya,  Nicaragua,  diagram  showing  com- 
parative rainfall  at  Rivas  and 575 

rainfall  at 577 

Massachusetts,  stream  measurements  in.. .       46, 

47,  73-78 

Matthes,  G.  H.,  work  of 25,  408 

Mathews  Creek,  Nebr.,  measurements  of..       301 
Maumee  River,  Ohio,  references  to  measure- 
ments of 223 

Maxwell,  D.  E,,  acknowledgments  to 24 

McCalla,  R.  C,  jr.,  acknowledgments  to 24 

McCarty  Canal,  Idaho,  measurements  of.  486,  487 
McCook,  Nebr.,  stream  measurements  at. ..      302 

McCollum,  J.  L.,  acknowledgments  to 24 

McDonald,  Wash.,   stream    measurements 

at 63,  521 

plate  showing  bridge  over  El  wha  River 

at 516 

McDowell,  Ariz.,  stream  measurements  at. .       59, 

405,  407 
McGee,  W  J,  quoted  on  geologic  structure 

of  the  Lower  Mississippi  Valley. .  352-353 

McKinley ,  W.,  mentioned 592 

McPherson,  Kans.,  location  and  elevation 

of 326 

rainfall  at... 327,330 
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McWilliama,  J.,  acknowledgments  to 24 

MeadA'ille,  Pa.,  stream  measurement  at 198 

Mechauicsville,    N.   T.,    stream    measure- 
ments at  47,S0,81 

Meeker,  Colo.,  location  and  elevation  of 375 

rainfall  at 376,379 

Meeteetse,  Wyo.,  stream  measurements  at.  53 
Mena  River,  Nicaragua,  measurements  of.      607 

Menocal,  A.  G.,  work  of 591 

Menominee  River,  description  of 217-218 

Merrill,  W.  E.,  mentioned 196,198 

Merrimac  River,  measurements  of 46,73-74 

plate  showing  view  of 74 

diagram  showing  discharge  of 74 

Merriman,  M.,  aid  by 86 

Mesa  Yerde,  Ariz.,  plates  showing  views 

of 410, 414 

Mexico,  Ohio,  references  to  stream  measure-   . 

mentsat 223 

Middle  Creek,  Mont.,  measurements  of..  234,243 

irrigation  from 242-243 

plate  showing  method  of  measuring.. .      244 
Middleton  Canal,  Idaho,  measurements  of.  486,  487 
Middleton  Mill    slough,    Idaho,   measure- 
ments of 486 

Milford,  Nebr.,  stream  measurements  at.. .      298 

Mill  Creek,  Cal.,  measurements  of 558 

Mill  Creek  Canyon,  Mont.,  plate  showing 

view  of 496 

Millville,  W.  Va.,  rainfall  at 49 

stream  measurements  at..  49, 120, 121, 127-128 

Milk  River,  Colo.,  measurement  of 383 

Milk  River,  Mont.,  measurements  of..  53,  245-246 

diagram  showing  discharge  of 246 

Milstead,  Ala.,  stream  measurements  at 51, 

193-194 
plate  showing  view  of  Tallapoosa  River 

at , 192 

Minden,  Nebr.,  location  and  elevation  of. ..      306 

rainfall  at 308.313 

Mineral  resources  of  Nicaragua 584 

Minichaduza River,  Nebr.,  measurements  of  300 
Minnesota,  stream  measurements  in  . .  52,  230-231 
Mississippi  River,  consideration  of  tioods 

along  Lower 347-352 

map  showing  location  of  stations  along.       348 
plates  showing  views  of  crevasse  and 

floods  on 348,352 

map  showing  extent  of  levee  system  on 

Lower 351 

measurements  of  Upper 52,  230-23 1 

maps  showing  lakes  and  reservoirs  at 

source  of 228 

reservoirs  on  Upper 228-230 

Mississippi  Valley,  Lower,  geologic  section 

of 352-353 

Missoula,  Mont.,  stream  measurements  at.      62, 

63, 490-491, 495 
plate  showing  view  of  Bitterroot  River 

near 492 

Missoula  River,  Mont.,   measurements  of.       63, 

490-491 

plate  showing  view  of 488 

Missouri  River,    Upper,   stream   measure- 
ments in  basin  of 52-53,232-246 

measurements  of 53,  243-245 
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Missouri  River,  Upper,  map  showing  loca- 
tion of  stations  in  basin  of 232 

rainfall  in  basin  of 232-235 

diagram  showing  discharge  of 245 

Missouri,  Kansas  and  Texas  Railway  Com 

pany,  acknowledgments  to 24 

Mixer,  C.  A.,  aid  by 66 

Moab,  Utah,  location  and  elevation  of 375 

rainfall  at 377, 379 

Mohawk  River,  N.  T.,  map  showing  loca- 
tion of  stations  in  basin  of 79 

Molina,  Ga.,  stream  measurements  at 51, 184 

Moncure,  N.  C,  references  to  stream  meas 

urements  at 146 

Monero,  N.  Mex.,  location  and  elevation  of     356 

rainfall  at 359 

Monocacy  River,  Md.,  measurements  of.        49, 

120. 121, 129-130 

diagram  showing  discharge  of 130 

Monongahela  River,  Pa.,  measurements  of  196-197 
plate  showing  view  of  junction  of  Alle- 
gheny River  and 196 

Monroe  Creek,  Nebr.,  measurements  of. .  300-301 

Montana,  reservoir  surveys  in 33-34 

stream  measurements  in 52-53, 

234,  235-248,  490,  495 

rainfall  in 233-235 

Montezuma  Valley,   Colo.,    plate  showing 

view  of  flume  in 414 

map  of  canals  and  irrigated  lands  in. . .      418 
Montezuma  Valley  Canal,  description  of.  417-419 

plates  showing  views  of , 420,  424 

Montgomery  Ferry,  Idaho,  rainfall  at. .... .        61 

stream  measurements  at 61,  473,  474-475 

Montrose,  Colo.,  location  and  elevation  of. .      375 

rainfall  at 376,  379,  397,  399 

Moniunent,   Kans.,  location   and  elevation 

of 306 

rainfall  at 309,313 

Moore,  W.  L.,  acknowledgments  to 46 

Moraine,  Colo.,  location  and  elevation  of. . .       257 

rainfall  at 259,265 

Morapos  Creek,  Colo.,  measurements  of 383 

Morehead,  J.  T.,  aid  by 134 

Moro,  Oreg.,  references  to  stream  mea.sure- 

ments  at 63,519 

Morrill,  P.,  cited  on  floods  in   Lower  Mis- 
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Rockliill.  S.  C,  wtreani  ineasurenieiits  at..  50,150 
Rocky  Canyon,  Mont.,  plate  showing  Hume 

and  1  restle  across 242 

Kockyford,  Colo.,  stream  measnrfcments  at.       57, 

324,  329,  330,  338-339 

location  and  elevation  ot 326 

rainfall  at 328,330 

Rodeiibali.s,    Nev.,    stream    measuremeiit.s 

at 59 

Rome,  Ga.,  stream  mea.>»nrement8  at  ..  51, 185-186 

location  and  elevation  of 177 

rainfall  at 179, 181 

Rosalia,  Wash,,  location  and  elevation  of . .       512 

rainfall  at. 512,  514 

Rossi  Canal,  Idaho,  measurements  of 485,487 

Ro\\landsville,  Md.,  stieam  measurements 

at 48, 110-111 

Ruddle,  J.,  cited 88 

Rumford  Falls,  Me.,  stream  measuremems 

at 40, 66-72 

rainfall  at 46,72 

maps  showing  location  of  canals  and 

dams  at 66 

plate  showing  views  at 66 

Russell,  1.  C,  cited  on  Lake  Lahontan 436 

Russell,  W.  G.,  Avork  of 22 

Ruthburg,  Idaho,  location  of 470 

rainfall  at 472.  474 

Ryan  flume,  Idaho,  measurements  of 485,  487 

S. 

Sabalos,  Nicaragua,  rainfall  at 578 

temperature  and  relative  humidity  at . .       580 

stream  measurements  at 609-610 

Sabalos  River,  Nicaragua,  measurements  of.       61 1 
Sacramento  River,  Cal.,  measurements  o  ..       63, 

526, 527 

diagram  showing  discharge  of j)27 

Saguache,  Colo.,  location  and  elevation  of..      356 

ra  i  n  f al  1  a  t 359 

St.  Clair  River,  measurements  of 224 

St.  Cloud,  Colo.,  location  of 257 

rainfall  at 258,265 

St.  John,  E.,  acknowledgments  to 24 

St.  Michaels,  Nebr.,  stream  measurements 

at 300 

St.  Paul,  Minn.,  rainfall  at 52 

stream  measurements  at 52,  230-231 

St.  Vrain  Creek,  Colo.,  measurements  of.  54,  264, 

285-286 

diagram  showing  discharge  of 286 

Salem,  Va.,  location  and  elevation  of 137 

rainfall  at 138, 139 

Salesville,  Mont.,  stream  measurements  at .      52, 

234, 235,  241 
plate  showing  view  of  gaging  station 

near 244 

Salida,  Colo.,  stream  measurements  at.  56,329,331 

Salina,  Kans.,  stream  measurements  at 56, 

312,  313,  316 

location  and  elevation  of 306 

rainfall  at 310,  313 

Saline  River,  Kans.,  measurements  of 56, 

312,313,316 
diagram  showing  discharge  of 316 
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Salisbury,  N.  C,  stream  measurements  at . .      50, 

146-147 
Salt  Lake  City,   Utah,    diagram     showing 

rainfall  at 400 

location  and  elevation  of 454 

rainfall  at 457,  458 

Salt  River,  Ariz.,  measurements  of  .. .  59,405-406 

diagram  sliowing  discharge  of 406 

Saluda  River,  S.  C.,  measurements  of..  50, 153-154 

diagram  showing  discharge  of 154 

San  Antonio,  Tex.,   plate  showing   view  of 

San  Antonio  River  at 354 

San  Antonio  Creek.  Cal.,  measurements  of.       552 
San  Antonio  River,    Tex.,   plate   showing 

view  of 354 

San  Bernardino,  Cal.,  location  and  elevation 

of .'S60 

rainfall  at 561 

San  Bernardino  Valley,   Cal.,   character  of 

streams  in 552-553 

fruit  culture  in 553 

measurements  of  wells  in 559 

San  Bias  canal  route,  discussion  of 588 

Sanborn,  K.,  acknowledgments  to 23 

San  Carlos,  Rio,  Nicaragua.     See   Rio  San 
Carlos. 

Sanders.  Lieut.,  measurement  hy 196 

San  Diego.  Cal.,  location  and  elevation  of..      560 

rainfall  at 561 

San  Diego  Flume  Company,  aid  by 560 

Sandusky  River.  Ohio,  references  to  meas 

urements  of 223 

San  Francisco,  Nicaragua,  rainfall  at 578 

San  Francisco,   Rio.  Nicaragua.      See  Rio 

San  Francisco. 
San  Gabriel  River,  Cal.,  measurements  of.       64, 

549-551 
Sanger,  Cal.,  plate  showing, view  of  lumber 

flume  at 534 

San  Joaquin  River,  Cal.,  measurements  of. .       63, 

526,  529-530 

diagram  showing  discharge  of 530 

San  Jose,  Costa  Rica,  rainfall  at 577 

San  Juan,  Rio,  Nicaragua.      See   Rio   San 

Juan. 
San  Juan  River,  Colo.,  measurements  of.. .       58, 

400-401.410,411 

diagram  showing  discharge  of 401 

plate  showing  view  of  gaging  station  on .      402 

character  of 410 

San  Juan  del  Norte,  Nicaragua,  rainfall  at  576,578 

diagram  showing  rainfall  at 578 

temperature  and  relative  humidity  at..       581 
San  Luis  Rey  River,  Cal.,  measurements  of.        64 
San    Marcial,    N.   Mex.,  stream    measure- 
ments at 58,358,359,371 

San  Miguel  River,  Colo.,  measurements  of.       58, 

395-396 

diagram  showing  discharge  of 396 

plateshowing  view  of  gaging  station  on.      395 
San    IVriguelito,    Rio.      See    Rio    San     Mi- 
guelito. 

Santa  Ana  River,  Cal.,  measurements  of 64, 

554-555 

water  power  on 553 

diagram  showing  discharge  of 555 
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Santa  Ana  River,  Cal.,  plate  showing  views 

of  gaging  station  on  and  flume  across .  554 
Santa  Clara  River,  Cal.,  measurements  of. .  541 
Santa  Fe,  N.  Mex.,  location  and  elevation  of.      356 

rainfall  at 357,359 

diagram  showing  rainfall  at 400 

Santee  River,  S.  C,  measurements  of  tribu- 
taries of 50, 148-154 

Sapoa  River,  Nicaragua,  measurements  of.      607 
Sappington,   Mont.,   stream  measurements 

at 53,234,235,238 

Sarapiqui,  Nicaragua,  rainfall  at 578 

Sarapiqui  River,  Nicaragua,  measurements 

of 630-631 

sediment  carried  by 637 

Savage,  G.  N.,  aid  by 560 

Savalo  River,  Nicaragua,  measurements  of.      607 

Savannah  River,  measurements  of 50-51, 

160, 164-165 

description  of 154-155. 156-158 

water  powers  on  and  in  basin  of 155-156 

map   showing  location  of    stations  in 

basin  of 157 

plate  showing  view  of 158 

rainfall  in  basin  of 158-161 

diagrams  showing  discharge  of 164,165 

Schuyler,  J.  D.,  cited  on  watershed  of  Scioto 

River 212 

reference  to 533,  539,  540 

Schuyler,  Nebr.,  stream  measurement  at...      303 
Schuj'lkill    River,   Pa.,    measurements    of 

tributaries  of 48,  8f-96 

measurements  of 48,96-98 

map   showing    location  of   stations  in 

basin  of 89 

diagram  showing  discharge  of 97 

Scioto  River,  Oliio,  drainage  basin  of 212 

proposed  water  storage  on 212,214 

measurements  of 212-215 

map  showing  location  of    stations    in 

basin  of 215 

Scott,  T.  K.,  acknowledgments  to 24 

Seattle,  "Wash.,  stream  measurements  at..  63,517 

Sebago  Lake,  Me.,  rainfall  at 46 

stream  measurements  at 46 

Sebree  Canal,  Idaho,  measurements  of 488 

Sedan,  Kans.,  location  and  elevation  of 326 

rainfall  at 327,  330 

Seddon,  J.  A.,  mentioned 349 

Sediment,method  of  determining  the  amount 

of 635-636 

Sediment  observations  in  Nicaragua 634-637 

Sediment  trap,  figure  showing 635 

Seepage  measurements    in    Boise    Valley, 

Idaho 484-488 

Seepage  measurements  on  Big  and  Little 

Thompson  Creeks,  Colo 289 

Seguin,  Wash.,  stream  measurements  at. . .       63, 

518-519 

Selah,  Wash.,  stream  measurements  at 62, 499 

Seima,  N.  C,  rainfall  at 50 

stream  measurements  at 50, 144 

Seneca,  Nebr.,  stream  measurements  at 300 

Sequoia,  Cal.,  location  and  elevation  of 560 

rainfall  at 561 

Sespe  River,  Cal.,  measurements  of 541 
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Sevier  River,  Utah ,  m  easurements  of 61 

Seward,  Nebr..  stream  measurements  at...      298 
.Shadeville,  Ohio,  stream  measurements  at.  214-215 
Sharon  Springs,  Kans.,  location  and  eleva- 
tion of 306 

rainfall  at 309, 313 

Sharpsburg,  Md.,  rainfall  at 49 

stream  measurements  at 49, 120, 122 

Shaw,  J.,  aid  by 560 

Shell  Creek,  Nebr.,  measurements  of 303 

Shenandoah  River,  stream  measurements  in 

basin  of 49,121,123-128 

measurements  of 120,121,127-128 

diagram  showing  discharge  of. 128 

Sheridan,  Wyo,,  stream  measurements  at 53 

Sherman,  A.  L.,  mentioned 505 

Ship-railway  J) rejects  in  Central  America.  586-587 

Shirley,  B.  M.,  work  of 22 

Shoshone  River,  Wyo.,  measurements  of. .  53,249 

diagram  showing  discharge  of 249 

Sickman,  A.  F.,  aid  by 76 

Sidney,  Nebr.,  location  and  elevation  of...      257 

rainfall  at 260,  265 

Silvey,  E.  A.,  aid  by 560 

Sisson,  Cal.,  location  and  elevation  of 560 

rainfall  at 561 

Skunk  Creek,  Nebr.,  measurements  of 303 

Smith,  E.  A.,  acknowledgments  to 23 

Smith, F.D.,  work  of 22 

Smith,  G.C.,  acknowledgments  to 24 

Smith,  G.  E.,  work  of 22,  255 

Smith,  J.,  acknowledgments  to 409 

Smith,  M.D.,  aid  by 392 

Smith,  S.  J.,  acknowledgments  to 409 

Smoky  Hill  mine,  Colo.,  location  and  eleva- 

vation  of 257 

rainfall  at 259,265 

Smoky  Hill  River,  Kans.,  measurements  of.       53, 

312,313,315 

diagram  showing  discharge  of 315 

Snake  River,  measurements  of 61,  473,  474-475 

course  of 469 

rainfall  in  basin  of 469-474 

map    showing   location  of  stations  in 

basin  of 470 

diagram  showing  discharge  of 475 

Snake  River,  Nebr.,  measurements  of 303 

Snedden,  B.,  aid  by 560 

Sneddens,  Cal.,  location  and  elevation  of . . .      660 

rainfall  at 561 

Snowville,  Utah,  location  and  elevation  of . .      454 

rainfall  at 456,  458 

Socorro,  N.  Mex.,  location  and  elevation  of  .      356 

rainfall  at 357,  359 

Soldier  Creek,  Nebr.,  measurements  of  . . .  254, 303 
Soldier  Summit,  Utah,  location  and  eleva- 
tion of 375 

rainfall  at 377, 379 

Solduck  River,  Wash.,  measurements  of.. .  63, 523 

diagram  showing  discharge  of 523 

Solomon  River,  Kans.,  measurements  of  . .  .55-56,' 

312,  313,  314 

diagram  showing  discharge  of 314 

Sonora,  Cal.,  location  and  elevation  of 560 

rainfall  at 561 

South  River,  Ga.,  water  powers  on 166-167 
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South  River,  Va.,  measurements  of 49, 

121,125-126 

diagram  showing  discliarge  of 126 

South  Boulder  Creek,  Colo.,  measurements 

of 54,  287-288 

diagram  showing  discharge  of 288 

South  Carolina,  stream  measurements  in. ..       50, 

151-154,160,162,164 

rainfall  in 50, 159, 161 

South  Dakota,  investigations  in 44 

Southerland,Nebr.,  stream  measurements  at      298 
Southern   California  Power  Company,  de- 
scription of  plant  of 553 

Southern  Pacific  llailroad,  aid  by 560 

Southern  Ute  Indian  Reservation, investiga- 
tion of  water  supplj-  of 408-434 

topography  of 409 

hydrography  of 409-411 

geology  of  the 412 

survej's  of  reservoir  sites  in 419-426 

proposals  for  irrigation  in 418 

Southern  Ute  Indians,  history  of 412-417 

food  supplies  purchased  for  distribution 

among 416 

South  Platte  River,  measurements  of 54 

55,  263,  264,  266,  279-280,  293-294,  302 

course  of 277-278 

diagrams  showing  discharge  of 280,  294 

Sowbelly  Creek,  Nebr.,  measurements  of . . .       3u3 

Spalding,  C.  E.,  acknowledgments  to 24 

Spanish  Fork,  Utah,  measurements  of 61 

Spencer,  A.  C,  work  of 412 

Spokane,  Wash.,  stream  measurements  at.  63,511 
Spokane  River,  Wash.,  measurements  of  . .  63,  511 

figure  showing  profile  of  fall  of •    510 

diagram  showing  discharge  of 511 

Spring  Creek,  Nebr.,  measurements  of 303 

Squaw  Creek,  Nebr.,  measurements  of 303 

Squirrel  Inn,  Cal.,  elevation  of 560 

rainfall  at 561 

Stamford,  Colo.,  location  and  elevation  of..      326 

rain  fall  at 327,  330 

Stanislaus  River,  Cal.,  measurements  of . . .       63, 

526,  530-531 

diagram  showing  discharge  of 531 

Starling,  W.,  cited  on  flood.s  in  Lower  Mis- 
sissippi River 349 

Staunton,  Va.,  location  and  elevation  of 117 

rainfall  at 119, 121 

Staunton  River,  Va.,  measurements  of 50, 139 

Steamboat  Springs,  Colo.,  geographic  posi- 
tion of 375 

rainfall  at 379 

description  of 384 

plate  showing  view  of 386 

Stewart,  T.,  aid  by 1 96 

Stinking    Water    Creek,   Nebr.,   measure- 
ments of 303 

Stitt,J.G.,aidby 560 

Stout,  O.  V.  P.,  work  of 22,254 

Strahorn  Canal,  Idaho,  measurements  of. .  486,  487 
Stream  measurements,  report  on  progress 

of  17-561 

methods  of .'* 20-22 

plates  showing  methods  of 90, 

106, 154,  244,  276, 380, 458 
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Stream  measurements  in  Nicaragua,  meth- 
ods of 593 

Sudbury  River,  measurements  of 46,  74-75 

Sun  River,  Mont.,  measurements  of 53 

Superior,   Nebr.,  stream  measurements  at        55, 

311,317 

Surface  Creek,  Colo.,  elevation  of 375 

rainfall  at 376,  379,  397,  398,  399 

Susquehanna    River,     Pa.,    measurements 

of 48, 109-110 

diagram  showing  discharge  of 110 

Sweetwater  dam,  Cal.,  location  and  eleva- 
tion of 560 

rainfall  at 561 

Swift,  L.,  aid  by 560 


Tallapoosa     River,      Ala.,     measurements 

of.. 51,193-194 

water  power  on 192-193 

diagram  showing  discharge  of 194 

plate  showing  views  of 192 

Tallaasee  Falls,  Ala.,  plate   showing    view 

of 192 

Tallassee   Falls  Manufactvu'ing  Company, 

Ala.,  power  utilized  by 192-193 

Tallulah  River,  Ga.,  water  i)owers  on 155 

Tar  River,  N.  C,  measurements  of 50, 143 

diagram  showing  discharge  of 143 

Tarboro,  N.  C,  stream  measurements  at. . .  50, 143 
Tauro  River,  Nicaragua,  measurements  of. .      632 

Taylor,  L.  H.,  work  of 22,  441,  448 

Taylor,  T.  U.,  work  of 22 

Temperature    and    relative    humidity     in 

Nicaragua 579-581 

Tenaya,  Lake,  Cal.,  plate  showing  view  of. .       530 
Tennessee   River,  measurements  of   tribu- 
taries of 52, 205-211 

measurements  of 52,  210-211 

plate  showing  view  of 208 

211 


diagram  showing  discharge  of. 


Tepenaguasape  River,  Nicaragua,  character 

of 008 

Terrace,  Utah,  location  and  elevation  of 454 

rainfall  at 456,458 

Tertiarj'  dei)osits  in  the  Lower  Mississippi 

Valley 353 

Tertiary  history  of  Nicaragua 572 

Teton  River,  Idaho,  measurements  of 61 

Texas,  stream  measurements  in 58, 

358,  359,  372-373 

streams  in 354-355 

Thedford,  Nebr.,  location  and  elevation  of. .       257 

rainfall  at 260,265 

stream  measurements  at .300 

Thompson,  J.  S.  B.,  acknowledgments  to  . . .        24 
Threeforks,  Mont.,  rainfall  at 53 

stream  measurements  at 53,  234,  235 

Timber  in  Nicaragua 582-583 

Tipitapa,  Nicaragua,  rainfall  at 578 

stream  measurements  at 601-603 

Tipitapa  River,  Nicaragua,  measurements 

of 601-603 

plates  showing  views  of 574,  602 

Tiroli  River,  Nicaragua,  measurements  of. .      607 
Toccoa,  Ga.,  location  and  elevation  of 158 
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Toccoa,  Ga.,  rainfall  at 159, 161 

Toccoa  River,  Ga.,  references  to  measure- 
ments of 210 

Todd,  J.  E.,  work  of 44 

Tohickon  Creek.  Pa.,  measurements  of. .  48,  98-103 
plate  showing  weir  and  nilometer  on. . .        90 

diagram  showing  discharge  of 103 

Tola,  Nicaragua,  rainfall  at 578 

diagram  showing  rainfall  at 578 

stream  nieasurements  at 594,  595-596 

Tola  River,  Nicaragua,  measurements  of 594, 

595-596 

Tooele,  Utah,  location  and  elevation  of 454 

rainfall  at 457,  458 

Topeka,  Kans.,  location  and  elevation  of  . . .       306 

rainfall  at 311,  313 

Toponis,  Idaho,  stream  measuremeni  s  at  . . .       62, 

473,  477 

Towers,  W.M.,  acknowledgments  to 24 

Townsend,  Mont.,  rainfall  at 53 

stream  measurements  at —  53,  234, 235,  244-245 

Tovvaliga  River.,  Ga.,  water  power  on 167 

Transportation  in  Nicaragua 584 

Trinidad,  Colo.,  stream  measurements  at  . . .       57, 

329, 330,  340-342 
Trinity  River,  Tex.,  references  to  measure- 
ments of 3.54 

Truando- Atrato    canal    route,    discussion 

of 587-588 

Tuckasegee  River,  N.  C,  measurements  of.  52,  206 

diagram  showing  discharge  of 206 

Tucker,  Oreg.,  rainfall  at 63 

references  to  stream  measurements  at.  63,  516 
Tugaloo  River,  N.  C,  plate  showing  meas- 
urement of 154 

water  powers  on 155 

Tugaloo  River,  S.  C,  measurements  of 162 

diagram  showing  discharge  of 162 

Tulo  River,  Cal.,  measurements  of 526 

Tula  River,  Nicaragua,  character  of 608 

Tuolumne  River.  Cal.,  measurements  of  . . .       63, 

526, 531-532 

diagram  showing  discharge  of 532 

reservoir  sites  on 533 

irrigation  from 533 

Tuolumne  Meadows,  Cal.,   plate    showing 

view  of 530 

Tuscaloosa,  Ala.,  stream  measurements  at. .       51, 

194^195 

Twin  Creek,  Cal.,  measurements  of 557 

Twin  Lakes,  Colo.,  location  and  elevation  of.      326 
rainfall  at 327.330 

U. 

Uinta,  Utah,  stream  measurements  at 60 

61, 458,  459,  466 

rainfall  at 61 

Umatilla  River,  Oreg.,  measurements  of.   .  63, 515 

diagram  showing  discharge  of 515 

Uncompahgre  River,  Colo.,  measurements 

of 58,378,379,391-392 

diagram  showing  discharge  of 392 

Underground  waters,  investigations  of 44-45 

Underground  water  from  the  bed  of  the 

Arroyo  Seco  and  Pasadena  Mesa.  543-549 
Union  Creek,  Nebr.,  measurements  of 303 
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Union   Gap,  "Wash.,  stream   measurements 

at  62, 499, 500-501 

Union  Pacific  Railroad,  acknowledgments 

to 23-24 

United  States  Weather  Bureau,  aid  by .  60,  560,  575 
Upper  Holcomb,  Cal.,  location  and  elevation 

of 560 

rainfall  at 561 

Utah,  reservoir  sites  in 25 

reservoir  surveys  in 36 

stream  measurements  in  . . .  58,  60-61,  378,  379, 
387-388,  458,  459,  460-463, 4G4-469 

rainfall  in 377,379,456-458 

Utah  Lake,  references  to  measurements  of.      467 

Uva,  Wyo.,  rainfall  at 54 

stream  measurements  at . .  54,  262,  265,  275-276 
plate  showing  views  of  Laramie  River 

at 276 

V; 

Vale,  Oreg.,  stream  measurements  at 62 

Valentine,  Nebr.,  stream  measurements  at.     255, 

300, 301 
Valley  Falls,  Kans.,  plate  showing  view  of 

Delaware  River  near 308 

Verde  River,  Ariz.,  measurements  of 59,  407 

diagram  showing  discharge  of 407 

Verdigris  River,  measurements  of 57,  344 

diagram  showing  discharge  of 344 

comparison  of  Neosiio  River  with 345 

Vernal,  Utali,  location  and  elevation  of 375 

rainfall  at 377,  37't 

Victoria  Creek,  Nebr.,  measurements  of 303 

Viejo  River,  Nicaragua,  lainfall  at 578 

"temperature  and   relative  humidit3'  at 

station  on 579 

measurements  of 597-598 

Vincent,  H.  P.,  reference  to 543 

Virginia,  str  ;am  measurements  in 49-50, 

121, 122. 123-126, 134,  135-136, 139-142 

rainfall  in 119, 

121, 132-134, 137-1.39,  201,  202 
Virginia  City,  Mont.,  location  and  elevation 

of 232 

rainfall  at 233, 235 

W. 

Waco,  Tex.,  references  to  stream  measure- 
ments at 354 

Walker,  J.  G.,  work  of 592 

Wallace,  Kans.,  location  and  elevation  of. . .      306 

rainfall  at 309,  313 

Wallace,  Nebr.,  location  and  elevation  of. . .      306 

rainfall  at 307,  313 

Wallawalla,  Wash.,  location  and  elevation 

of .-       512 

rainfall  at 513,514 

Wallawalla    River,    Wash.,   references    to 

measurements  of 63,  512 

Wallawalla  and  Palouse  River  basins,  rain- 
fall in 512-514 

maps  showing  location  of  stations  in —      513 
Wanks  River,  Nicaragua.     See  Coco  River. 
Warbonnet  Creek,  Nebr.,  measurement  of. .      303 
Ware,  W.  J.,  work  of 22,  518,  520 
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Warm  Creek,  Cal.,  measurements  of 558-559 

Warm  Springs,  Cal.,  stream  measurements 

at 64,554-555 

plateshowing  view  of  gaging  stationat.      554 

"Warren,  A.K.,  acknowledgments  to 23 

reference  to 537 

"Warren,  Pa.,  stream  measurements  at 198 

"Washington,  stream  measuremonts  in 62, 

63,  489-490,  499,  500,  511,  516-523 

rainfall  in 498-499, 500,  512-514 

Washington,  D.  C,  location  and  elevation  of.      117 
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